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PREFACE 


'PlIE l\L‘Visr(l SucDiul l^^clition of tlu* autlioi s book on Kaia-AZAR AND 
irs 'ru’EATMENM', whicli lla^ now been cxliaiisti^d, was pnblislicd in 1925, 
and since then the 1 ^'oiirtli Volume ol Meiisc^'s HandPiTCH D1‘;R 'Fropen 
KranM'IIIEITEX, in winch the cli:ij)ter on i\AEA-AZAR was contributed by the 
author, iippeart'd in i()20. 

The pr(‘sen1 volume, which is based upon this c'hapttM' in Menses work. 
IS ;i new book, einbodvini; all tlu‘ latest l-icls known about the probable 
transmission ot tlu' disease bv means ol the sandllv, the description ot 
“ derm.il leislimiinoid, " a new form ol cmt;ineous leishmaniiisis due to 
l.cisli iihiiiiii iloiio'i'ii III first discovered bv the author, and the latc'^t advances 
in tlu* tre.itnient of the disciisc* bv means of the aroni;itic ;mtiiiionials, 
some of which were discovered bv the author in the course ol his researches. 
Inl.nilile kala-.i/.ir, which was not dealt with pievioiislv in mv book on 
l\AEA-A/AR AND ITS Trkatmkx'I, has been incorporated in tlie present volume. 

A new featuie of tlu* work is tlic inclusion ol maps showin,^ tlu* ^i^eo- 
l;i i[Tical distribution of the disease*. Xew (ilates showine; the sta^ijes ol 
de’Veloiunent ol the paiMsite of k.iki-azai in culture, sections ol the splei‘n, 
liver and bone-m.iirow in kiila-a/;ir have bec-n added. .A summarv ol the 
classiciil works ol Christopher-, Shortl and Ikiriaud on tlu* moi|)holo.^y of 
the paiasile ol kal.i-azar and its hie cycle* in the sandlly has been .i^iven. 

File antlior lias attempted to Liive an exhaustive bibhoi^raphy ol tlu* 
disease which, he hopes, will prove uselul for [uirposes ol relerence. 

1\*n years have passed since tlu* .luthor warmly advocated the treatment 
ot kala-a/ar with intiavenoiis injection of metallic antimony, in tlu* onward 
march of search afte-r truth, an ori^ame- .mtimonial has been discovered bv him 
which to-day stands pre-eminent in tin* treatment ol the disease. 

Idle author’s c;iat(.*ful thanks are due to the (iovernini; 13 odv ol the 
Indian Ixeseaich Inind Association for their having placid athisdispos.il 
grants which eiiabk*d him toc.irivon resc.arches into the cheinothei apy of 
antimonial coniponnds m kakua/ai infection and to discover a series ot new 
aiitimomals poss(*ssiii<» therapi'utic v.ihu* in the treatment of tlu* disease. 

Ht* is iiiuk*! tlu* dee[)est old^Lj.itions to Alaioi Ali’R’lsON, I.M.S., Director ol 
Ihilkic Health, Assam, for kindly allowin,^ him to make use of his pamphlet 
reLjaidinLi ihi* (aevcntive measures a, gainst kaka-a/ar that have been recently 
adoi>ted by the (iovernment of Ass.mi, and have alreadv been fraught with 
brilliant results, and to Colonel KnoWIJWs, l.xM.S., Professor ol Protozoology, 
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KALA-AZAR 


(INTERNAL OR VISCERAL LEISHMANIASIS) 


CHAPTER I. 

DEFINITION. 

Kala-AZ.’VR is :i (liscMsc cliic to ;i general or systt*mic inlrction by a 
iiU'inbtM- ol the leisliniani.T eroiip of parasites, wliicli ^hve rise to various 
alTeetions included under the general name of Jeislmianiasis. It occurs in 
children and adults and is cliaracterized by a hi^h mortality in cases not 
treated with antimony, irre, pillar fever, fretiiiently running a chronic course, 
sometimes acute or subacute, and lastin<4 from a few montlis to two or 
three vears, oi rarely more. 

It is accompanied I)y enlargement of the spleen and frequentlv also of the 
liver, a Gradual downhill course witli pro.<4ressi ve emaciation, anamiia, leiico 
penia leadiipL;' to marked cachexia and h:emorrha,qe in different parts of the 
bodv. It is iisiiallv terminated bv some intercurrent disease or cancrum oris. 


SYNONYMS. 

(I niliiilino Kala-iiziir of Aduitb tiiul of Iiifanis.) 

1 .eishmaniasis, internal leishmaniasis, visceral leishmaniasis, general 
leishmaniasis, kala-azar of adults, tropical leishmaniasis, Indian kala-azar, 
blaek fever, black sickness, tropical splenome.i^aly, cachexial fever, cachectic 
fever, I A‘ishman-l)onovan disease, non-malarial remittent fever, malarial 
cachexia (in error), l)um-J)um fever, Bin d wan fever, sirkari disease, sahib's 
disease, kala-dukh, kala-jwar, kala-hazar, Assam fever, tropical cachexia, tropic<il 
kala-azai-, ponos (Cireece), haplopinacon (Cephalonia), seinieh (Sudan), infantile 
kala-azar (Xicolle), infantile leishmaniasis, Mediterranean kal.i-a/ar, Medi- 
tiaranean leishmaniasis, febrile .splenic amemia (Kede), amemia infantum a 
leishmania (Bianese), leishmania amemia (Jemma and di Cristina), marda t.il 
biccia (Malta), malattia da mensa (Sicily), febrile pseudo lenkremia infantum. 

Ihoadly speakin.^ leishmaniasis can be divided into the followin^^ clinical 
types 
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(1) Visceral k-islimiiniasis. 'I'liis includes : — 

(ii) Kala-a/ar of adults, due to l.cislimiinin doiiordiii, Ross, 1903 
(Laveraii and Mesnil), occurriiii^ mainly in India. 

{{)) Infantile kala-azar, oceurrine especially in the xMetliterranean 
countries, diu* to Lcislinidtiiii iuUuiluni (Xieolle). 

(c) Sudan leishmaniasis due to LrisJi/ndtiid var. diiJiHuilili 

(Castellani). 

Idle modern view is to regard all these parasites as one and the same, 
as will b(? seen later on. 

(2) Dei inal leishmanoid — a skin disease recently described by Ih ahmachari, 
to be found in persons cuied of k.da-azar by antimonial treatment. (Sec- 
Chapter on Dermal Leishmanoid.) 

(3) Local leishmaniasis, d'his includc‘S : — 

(ti) C'utaneoiis leishmaniasis due* to Lcisli Iropicit (oriental 
sore, lla^^hdad boil, Dcdhi boil, &c.) and cutaneous Ic-sions due 
to LiishiiiiNiid (Idiiorddi. 

{h) Indian oro-pharvngeal leishmaniasis di‘scribed b\' Castellani. 

(( ) Leishmaniasis Amei icana (espundia, bnbas L>ra/ihana, uta, tS:c .), 
occuriin^ in South .Americ’a. 

'The name “ kala-a/ar," thoueh it has the sanction oi usai^e, is in)t very 
appropriate. It h.is been statc-d that it was intemded to sii^nify a fc*vcr in 
whicli dark pi^^mentation of tl;e skin is a coiistant symptom. Sonic' ol the 
obsei vers consider that “kala-jwar ’ is the prope r term, l)ec*;msc‘ “ kala " 
mc'ans “black,” and “ jwai *' nuMiis “ fevea.” But “ azai ” means sickiU's^, 
and the term black sickness is just as appropriate, 'riit- word “ kala ” may, 
howevei*, signify kdl, i.e., death, sij^nifyin^ a fatal illness. As was pointed out 
by Ross, the popular use of the adje-ctive “ kala ” does not necessarily inpdy 
blac'keninij; ol the skin. It may mean deadly, just as kdld-s.<\n pd me. ms 
dcridly snake. Similarly, as Ross j)ointed out, black death siynifyin,L> pla^Ljuc 
indicated tlu' tc-rrifyini;' effec t of the disease on the imai^ination ol tin- pc'oj^le, 
rather than the actual reality of the* disordc*r. "Fliis c'xplan.at ion a[)plies 
here also, because some cases of kala azar do not show jL^reat pigment. ition 
of the skin. 


HISTORY. 

Ro^^ers held that the edd “ Burdwan fever'’ ( 1 (S54-73) was kala-azar. If this 
view is correct then the first epidemic manifestation of the disease* could be* 
traced to a pecnliai type of fe\'ei occurring' in jessore in ](Sj4 or 0^25, calk’d 
“ |wai-\hkar,” which Klliot considered was verv similar to “Burdwan 
fever.'’ In i8(S2, Clai'ke first described the disease in his sanitary repoit ol 
Assam, in which he pointed out that “there is a fevei' of malarial |)oisonin^ 
known amoiiji^ the natives as kala-azar or black sickness, from the darkened 
colour which the skin assumes in chronic cases.” lie also stated that “as lar 
back as 1869, the attention of the administrative officers in Assam became 
directed to a peculiar disorder called kala-azar, the ravages of which decimated, 
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;ind in soiiu- instrincus clep()piihitc‘{l, luiincrous districts in the Ciaro Hills.” 
Clarke based Ins report on the records and notes ol 120 cases by McXaii^ht, 
Civil Medical Officer of Tura, the lieadcjiiartei s ol the Garo Hills district. 
Rof^ers has stated that in the administrative reports of Assam for 1S75, several 
families were stated to have died amon<4 the Garos of a disease called “ kala- 
ha/ai .” In i<S(Sp, Giles concluded from his investigations that the disease was 
ankylostomiasis, or ratlier a mixed amemia broii^lil about by ankylostomiasis 
actin^L^ on a population worn down by chronic malarial poisonin.<4 “similar to 
the beriberi of Ceylon.” Dobson strongly opposed the ankylosloma theory, 
in i(S(S^ St(‘phc‘n^ statt^d in his yearly report that the diseast* was distinct Iroin 
malaria thoii^i^h allied to it. In 1M94 Hindley described the existence of a 
disease* |)opnlarlv termed “ Ihishkara,” in Jalpai;4uri, in Denial, which was 
undoubtedly kala-azar. 

In j(S()t) i^oneis considered that kala-azar was a malignant form of malaria, 
and l\oss looked upon it as malaria plus some secondaiy form of inlection. 
In 1902 l>entk*v claimed that the disease was allied to Malta lever. Xcil 
Campbell thought that it was ankylostomi<isis plus malarial cachexia in 73 ])er 
ca‘nt. of cMsi's, and in the remainiiyi^ 23 per cent, either ankylost(.)miasis }>urc 
<md simfdc or pure malarial caclu‘xia. In i8()8, Harold Ihown investigated 
kala-dukli ” in the Purnea district, which, according to liim, was allied to 
kala-azar of Assam. About the same vear KNiss investigated “kala-jwai ’’ ol 
the Darjeeling district, which was also a disease similar to kala-azar. 

Manson believed that llie disease was not malaria because of tlu* absiaua* 
of periodicity in the febrile .ittacks and non-amenability to tjuinine even when 
given in massive doses, and in 1903 he suggested that kala-azar might be 
caused by a trypanosome. A few months later in the same year, Leishman 
reported the discovery as early as k^oo, of peculiar bodic's in the spleen pulp 
of a soldier w ho died of Dum-Dum fever at Xctley Hospital. He came to the 
conclusion that there was a similarity between these bodies and trypanosomes, 
and lu* published his conclusions in IC03 in a paper enlilled “On the Possi- 
bility of the Occurrence of 'rrypanosomiasis in India," in which he described 
t hese bodies as (U'gener.ite trv})anosomes. In |ul\’, 1903, Dt)no\'.in rt*ported tlie 
liiulmg of similar bodies, independently of Jveishman. He punctured, during 
life, tlu* spleen i)f patients in .Madras suffering from prolonged fever wath 
splenomegaly. He contested Leishman’s view* that they wert* degenerate 
trypanosomes. Laveran and MesmI, after examining the specimens sent by 
Donovan, concluded tliat the organisms were piroplasmata. Identical bodies 
were also found bv Marc hand in lanuarv, J903, in sections ol spleen, li\ei and 
bone-m.irrow’ from a Chinaman w’ho had taken part in the Pekin campaign 
and had siifferc'd from fewer with enlargement of llu* spleen and aniemia, and 
died in a Hamburg Iiospital. A demonstnition was gixen before the Leipzig 
Medic:al Society on February 3, 1903. In December, 1903, Manson found 
similar bodies dui ijig life in the spleen blood of a patient from Dai jeeljng, 
suffering from kala-azar, and show’ed that these bodies were not endo- 
corpuscular bodies, as had been supposed liy Mesnil and Laveran. 

In 1904 Christoi)hers waote his lirst report “ On a Parasite found in 
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Persons siilferin^ tioni Knlarj^cnicnt of the S| 4 cen.” In the s:nnt* yc:ir 
C;islelhini diseovered llie parasites in kala-a/ar patients in Ceylon, and Bentley 
found these bodies in the spleen ot cases of kala-a/arin Assam. Christophers, 
after examination of the smears of spleen blood of cases of kala-a/ar of Assam, 
came to the conclusion that many cases of malarial cacliexia and kala-:i/ar ot 
Assam were one and the same disease. 

In the same year Ro,<4ers’ paper, entitled, I .eishman-Donovan P)odies in 
Malarial Cacliexia and Kala-a/ar,” and his preliminaiy note on the develop- 
ment of the parasite of cachexial fever and keda-azar into a lla.L;ellate sta.i4i*, 
wei e published, and it lu-came obvious that kala azar ol Assam and many 
cases of so-called “ malarial cachexia,” which is prevalent in eastern parts ot 
India, wert* one and the same disease. 'Phe term kala-a/ar (.]iiiekly came to 
embrace these conditions. In i()o6 Jirahmachari wrote his papta, “On a 
Contribution to the Study of Fevers due to Leishmaii- 1 )()novan Bodies.” 

In 1905 Slatham jiiiblished a preliminarv noti*, “On the Cultivation ol tlu* 
Leishman Pjody.” In the same year Leishman and Slatham wiote a paper on 
“ d'lie Development of the Leishman Body in Cultivation.” 

Besi(k‘s India, the fust c<ise in Asia was observed [>ost inoiltan by Marelrmd 
in S(..)on aftta'wards cases were found by Bassedt-Smith amone sailors. 

In igio Aspland showed that the disease was widely spread in North China. 
In 1911 Cochran retxirted cas(*s in other parts ol C.'hma. S.iville lonnd it in 
Tientsin, and jerusakhny f(»und it in HoauL^ Ilo district. Jellreys and 
Maxwell found it in Formosa. 

In Italy, the tiist clinical description of the* disease was ,Liiven in ilScSo by 
Cardarelli. He was lollowed by h'ede, Somma, and other Neapolitan workers, 
who thought that two clinical varieties of the disease* existed. One ol these 
was always accompanied by a rise of body temperature (Viiritids /e/)// 7 />), 
wliile the second giaierally ran its course without producing fe\ei (i'lU ichis 
The second form was considered to include caises ol ana*mia 
splenica infantum pseudo-leiikicmia (Henoch v. Jaksch). The febrile lorin 
was thought to be infectious. Fede, Ihanese and (jianturco conducted 
bacteriological investigations, and the conclusion leacdu'd by Fianesi* anti 
(jianturco was that the disease was caused by lidtli'iiimi coli. Mya and 
'Prambusti found M ici'Ol\h ciis Icti iii^cmts present in the a})yretic torm ol the 
tlisease. 

In 1904 Neave discovered the existence of this tlisease in Alrica in a chiltl 
ctuuing frt)m Anglo-Fgyptian Siulan, and in the same year Philips tliscovered 
it in twt> adults ct)ming from Arabia. In the same Near Cathoiie observed 
peculiar bt)dies in smears from the spleen of .1 child wht) had died (*f an 
ill-delined disease in Tunisia, anti thev were subsequently rect)gnized by 
Laveran as Lcishiiidiiid doiiordiii. In 1903 Laveran's paper t)n Pit oAdStud 
(iouovtini appeared. 

In 1905 Pianese found the identical picture in smears from the spleen .mtl 
liver ol children clying of infantile splenic amemia in Italy. In 1907 pirrie, 
wht.) had been working in the Sudan, died in England of kala-azar. In 1908 
Cummins discovered a case contraeted at Sniga on the Blue Nile ; Carrt)l 
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recorded ;i second case from tlie same district, while Black nud willi two 
cases ; cases were then reported frequently from this district. Hoiistield 
lecordcd seven cases from the pr(.)vince ot Kassala and one from Mafaza. 
ddiomson and Marshall found forty-one new cases in children and adults 
alon^ the Blue Nile towards Abyssinia, which forms an endemic zoik*. 
Marshall observed the disease amonj^' children ot 12 years ol age in the Sennar 
province of Sudan. Archibrdd studied a small epidemic in Knrmok on the 
Abvssinian frontier, and the disease in the Sudan is sometimes called Sudan 
kala-azar. Nicollc and Cassuto in 1907 observed tlic parasites in the spleen of 
a child in 'I'lmis suffering from irregular fever and splenomegaly. Nicolle 
named the disease inlantile kala-azar. 

I'i'om i<)o5 to i()oS Pianese observed only a few cases, and later on none 
at all were sc*en, so that in i()i2 the disease was thought to have died out in 
Italy, (dabbi, however, reported the occurrence* of the disease in Sicily and 
C'alabria at about th(‘ end of i()oS. During tlu* years 1908 to 191^, Nicolle 
treated thirtv-t‘ight cases in Tunis. 

From i90(S to 1913, 119 cases occurred in Messina, i()o in Cadania, and 
1 10 in Palermo. As a result of ( labbi’s work, the problem began to be studied 
in Kalv on a large sc'ale. It appeared that kala-a/ar was lairly widespread 
in C'alabria, in Sicilv, and round Naples, and that isolated cases had also 
oc'curred in k'iumicino (Rome) and I'rieste. 

The disease was also observed in the Mediterranean islands. Archer in 
1(^07 reported its occiiirence in CvpriH, Crilicn and P>abington in Malta 
(i()io), (jabbi in Spet/a ((hecian Archipelago, 1910). The latter was the 
first to estiiblish detinitc’ly the identity of ponos and kala-a/ar, a tact that 
(iabbi, Mc'^nil, Laveran, Williamson and others had previously supposed. 

In i()io rashinbbev discovered the disease in Fripoli, and in the same 
vear Alvaic's discovered it in Iasl)on. In H)I1 Cliristomanos observed cases 
on the (iici'k mainland ; it had alreatly been observed at an earlier date on 
the archi[H*lago bv Aravandinos and iNfichaelidis. Since 1912 cases have* been 
described in Ixussia ( l ast'hkent, Turkestan) by Marzinowsky, Petrotl, 
Xikoforolf, (iourko, ’S’akimoff, and others. Pittaliiga and others observed 
erases in Spain in the same years. The disease has also been tound in 
Moscow. 

The readci' mav consult the list ol references in the introductory number 
of Kala-nzdr Bulletin (rpn) for further references regarding the history oi 
the disease. 


GEOGRAPHICAL DISTRIBUTION. 

js/Vo — The disease occurs extensively in the eastern parts of India, 
especially in the districts through which the rivers Ganges and lirahmaputra 
pass. There is also an endemic area in Madras, from which many cases 
originate*. The provinces of Assam, Bengal, parts of Madras, Behar and 
Orissa, and the eastern parts of the ITnited ITovinces are the chief endemic 
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areas (see Plates I and IV). A new endemic area has been discovered 
in the south of the Madras Presidency. Childe mentions the case oi a 
Kiiropean ladv who contracted the disease either in Bombay or Jnbbiilpiir. 
Another case lias been recently reported on the west coast of India. It has 
been observed in Ceylon, wlicre it is rare, and cases have been reported 
in Burma as well as in Siam, Sumatra and Formosa. There are endemic 
areas in certain parts of China, siicli as Pekin, Central China, and the 
district of ^'an;^^-tse-Kian,c:, and more recently in some parts of South China, 
The disease occurs also in Asiatic Russia, Kussian Turkestan, Arabia and 
Asia Minor. It is doubtful whether it occurs in Mesopotamia, thoujLjli Kill/ 
considers the disease t(> be endemic there. 

liinopc. — T 1 k‘ disease is endemic in many parts of Furope bordering' on 
the Mediterranean, e.,^., the southern parts of Italy and in Sicily, and especially 
in Calabria and the nei^^iibourhood of Messina. In Messina tlie lirst villages 
wherein the disease was recoj^ni/ed were IFirdonaro, Cainaro and Galati 
(Gabbi). Other endemic areas were discovered later, e.,L^., Catania (Felitti 
and Lon^o), Palermo and the nei^dibonriiy^ country (Jemma), Naples and tht^ 
surroundiiy^ districts (I\‘trone, \ aj^lio and (labbb. Ivecently, a case of adult 
kala-a/ar has been observed in Madrid (see I^late 1 1 ). 

Cases have also occurred in ddieste. In Malta, too, the disease is endemic. 
It occurs in Greece, chiefly in the islands of Spetsa and Hydra. In Hydra, 
the annual death-rate from the disease is estimatt*d at 7-10 pt*r (),ooo inhabitants. 
Jn J Qi I , fouiteen children (39 per cent, of the di*ath-r.ite) died of kala-azar. 
Isolated cases of the disease have been reiiorted from southei ii Sjiain and 
Portugal and Irom France in Marseilles and Ni//a. Cases have also been 
described in Russia (Moscow, Mohileil) as well as in \denna and Ri.^a. 

Possible anannia splenome_i!;alica, which Sevlarth observed in the c'oastal 
tlistrict of southern Bul^qaria, was some form of kala-azar. In Macedonia 
cases may also be found. 

Amcricd , — One case has l)i*en obseryed in South America by Mii^one ('^). 

A fried , — It is endemic in almost the whole of tin* Mediterranean coast. 
It is said to be exceediiyi^ly lare in F.ijyid (Archibald). Gabbi states that it 
occurs in E^^ypt. It is endemic in 'Funis, Tripoli, Al.Lieria, C'yrenaica, ]at 
Lakes, Morocco. There is a limited endemicity in the Kassala and the Blue 
Nile districts adjoinini^ the Abyssinian border. Endemic centres possibly 
t^xist in Eastein Sudan and Western Abyssinia. One case occurred in 
Khartoum ((jabbi), one in the Jehad territory and one in Gabon. With tlu* 
exception of one case described by Bouillez in central Shari, the disease has 
hitherto not been found in the French, Bel^^ian, former (jcrman, Spanish and 
Portiyiti^^^^-* possessions in West and Central Africa, nor in South-west or East 
Africa — (see Plates II and III). 

The first endemic area discovered in Africa was Tunis. Cases of kala-azar 
have recently been observed in Ef>ypt, in Cyrenaica (I^itane), near Lake Chad 
(Bouillez), in East Africa (Lafont, Heckenrotli), and in Morocco (Klippel and 
Monier Vinard) — see Plates II and III. 

The disease has been discovered in Kenya Colony (Wenyon). 
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Epidemiolo<^y 


It is iinpossibkf lo ^ivt* ;i coinplclc list of ;ill the places in the world where 
kala-azar nii^ht be found. Reference should be made to the accompanying 
Idates I to ]X for such information. 


EPIDEMIOLOGY. 

In India, epidemics of kala-azar have only been desciil)ed in certain parts 
ol Assam and Hen^al. On the* other hand, the disease is ejideinic in the other 
parts of India which it infects. These include the piovinces of Madras, Hehai 
and Orissa, and the eastern parts of the United Jh'ovinces of A^ra and Oudh. 

In Pjcn^al, l\o,^ers held that the old Hurdwan ftn’er ( i <^75) was an 
epidemic of kala-a/ar. Subsecjuently 1 hcdmiachari concluded, both from 
clinical and statistical evidence, that the old Ibirdwan fever was mostly of 
malarial origin. In more lecent times epidemics have been described in 
Assam, in the districts of Ihirnea (Brown), Darjeeling Terai (Ross). It is in 
Assam that epidemic's occurred up to recent times. 

File ejiidemic levels of Dinajpur and Run^pur in Heni^al which occurrt'd, 
according to K'o^cm's, between 1H71 and but whicli probably also occurred 

before the sc'ventic's, wc*re thoui^ht by him to be epidemic manifestations of 
kala a/ar. Accoidin^^ to him the epidemic levers of these districts, the 
ej)idc‘mic: ol kala-azar of Assam and the kala-dukh of Rni nea were manifesta- 
tions ol one and the* same disease. Me thcju^ht that the disease was started in 
Rnn,<4pur district in the early seventies by the extraordinary succession of 
nnhealtliN’ sc‘asons, and that it spii'ad slowly iij) lo the Assam valley, ^e;ivi 1114 rise 
to the epidcanic (;1 kala-azar in Assam. Idierc* was an e]Mdemic fever in the 
distiict ol R.dna (Rjehar and Orissa) in which somewhat resembled 

the* old Ihirdwan fever. 

I'HK ASSAM EPIDEMIC. 

It is practicallv certain that Assam is the part of India where epidemics of 
kala-azar once accpiiied a home, ddie lirst epidemic in Assam is supposed to 
ha\'e commeiu'cd in the (kiro Mills about I1S70. It spread sleadilv from year 
to year in an easterly direction alon^^ the Hrahmapntra valley, following' lines 
and roads of commiimcations, and continuing for about ten years, and then 
slowlv (k*clining. Recently there have bc^en othei epidemics in Assam. 

riu* nature of the ej)idemics ol kala-azar is characterized by certain 
features : 

(1) 'Flu* slowly spreading nature of the epidemic, travelling at the rate of 
ten miles a year and always along the routes ol traflic. 

(2) When it attacks a particular village, it clings to particular houses, and 
then Spreads lrt)m one house to another by means ol communication. 

(p Fhe disease is not dilfused generally over a district, but settles in siiKdl 
loci. 

Fhe chief factors in its spread appear to be : — 

(d) Human carriers of the disease. 

{h) Close association of the sick with [lie healthy. 
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(r) Probably the presence of a bloocbsuckin^ insect :is tlie inter- 
mediate host. 

{d) Climate and loc*al conditions of the soil compatible with the 
rapid spread of the disease. 

((’) Absence of any imiiumity in the community. 

The i n vest i,^'at ions of the epidemiology of kala-azar in India have suggested 
a number of pia)blems which liave liitherto remainetl unsolved. WIiv did 
the epidemic spr(‘ad shnvly from one place to another, instead ot extending 
rapidlv over a whole l egion ? Why did epidemics occur oidy in Assam, and 
not in oihei parts of India or elsewliere when* the disi*ase is endemic ^ 
d'lu* suggestion that has been made, that epidemics occur wlu*n the disease 
sprciids to a viigin soil, is not satisfactorv, as it lias not been proved tliat 
epidemics liaxe (*ver occurred in parts of India wlieie the disease is now 
endemic, except Assam and perhaps Bengal. It may, however, In* assumed 
with consideiable probability^ tliat in an infected endemic ai ea, there may be 
a gi*c*at increase in tlie })erceiitage of deaths among the inft*cded peo}>le cine to 
unhealthy conditions develojung in a particular season or year. An (.*})idemic 
of another fever such as malaria or intiiienza may have .ittacked those* ])i e- 
viouslv suffering Irom endemic kala-azar, and suddenly raised the nna tahty 
curve of the disease, thereby giving it an e\Videmic eharaete'r. 

It may be pointed out here that endemicity forms a spee iai fe*atnre of kala- 
a/ar. Donovan doubted llu* possibilitv of an et>idemic ontbinst in a disea>c 
e)f the nature of kala-a/ar. It is possible tluit in some of the epidemics m.dai ia 
and kahi-a/ar lan togethei', and that in some of them one disease was more 
]M’evalent than the other. Perhaps in the Ass.nn epicU*mie in jSyo kala-a/ar 
was more common, and in the Ihirdwan epidemic ( 1 854-75) malaria w.is mom 
common. 

In Tunis, Algeria and Portugal, there has never been an epidemic of 
keda-a/ar. (Pilabi has collected information in ordei to discovc*i at what tinn* 
of year most of the cases occur, lie found in Sicily that the* disease* Inst 
appeared in spring, and that most cases occurred in April and Mav. In 
June and Julv there was some diminution in the niiml)er, and bv 
August, Se[itembcr, October and Xovrinber, the disease liad com})lelt*ly 
or almost completely disa|>peared. The* curve ic*presi‘n ting the course* 
of the disease reaches its liiglK*st point in the month of Mav. It must 
certainly be added that epi(U*mics, in the true sense of the word, haxt* 
never be(*n observed in Mediterranean countries. Archibald ele*se. i died a 
small epidemic occurring in Knrmok, in the Sudan, on the Ab\>>sinian borcU*r, 
and lecently such an ejudemic has been reported from Cdnna. 
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CHAPTER II. 

AETIOLOGY. 

PKKDISI'OSING CAUSES. 

IvALA-AZAR is ^cnurallv :i sporadic disease and its eiuleniicity has very 
sjHa:ial characteristics. 'The possibility of the existence of chronic carriers of 
the disease in c*ndeinic centres should be borne in mind. Patients with anaemia 
and (edema, but without enlargement of the spleen and liver and without 
fiA'cr hav(* beeji observed in these places. 1'hey liarboui' leishmania l)odies in 
their blood and tliese may be carriers of the disease*. 

It h.is been lound in Mediterranean countries that the disease occurs 
durinc: or immediately alter the period (jf dentition (Gabbi, Laveran). 

It has often \H‘en observed in children, following on an attack of exanthe- 
matous diseases, such as measles or scarlet fever ((.iaV)i)i, Laveran). 

'riiere aie various conditions which have a bearing upon the spread of 
infection : — 

(n Doiiu'slic Coiidilioiis . — In the endemic areas of I ndia the disease has a 
tendency to run in families living in the same house. Indeed, it mav be said 
that the disease tends to clin<4 to the same household. In Len^al it does not 
alwavs allect individuals livin;^ in the same house at one and the same time ; 
the husband ma)’ be attacked one year, and the wife some years later. In 
Assam and sometimes in Ih_‘n.^al, several individuals may, on the other hand, 
be found .illected a1 one and the same time. 

Similarly in It.ily .md Sicily, thouj^h several .itlacks have been observed in 
the same familv, vet children in the same family livin;.^ under similai' 
surroundi n^s and hv^^ienic conditions and even in the same bed, are very rarely 
or never attacked at one and the same time. This applies also to the other 
Mediterianean countries. In the Sudan it is also exceptional to lind more 
than one case in one lamily or in one Iioiisehold. The same may also happen 
amon^ the s]’)oradi(.' cases in the affected parts of lien^al, where onlv one 
member of the familv may be attacked, the others esc.ipin^ infection. It may 
sometinu's be found that a Servant living in the same house has sulfeied 
Irom the disease* previously. Some observers in Calcutta have found that 
only .1 small pioportion of cases give a history of anothei occupant of tin* 
same luaiise having the same disease. In some c.ises, however, multi jde 
infections have definitely occurred in Calcutta. 

( 2 ) .IgV. — The age incidence is somewhat variable in different parts of the 
world. In the Mediterranean countries, and certain provinces of China, it is 
mostly infants that are attacked ; however, cases of adults contracting the 
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disease have also been reported from Malta, Cyprus, Sicily, (jrecce and 
J^nssia. (Archer, l^hilips, l^ahin^ton, l^jassett-Sinith, Christomanos, Gabbi, 
(h)iirko, Petrow and others.) In the E/^yptian Sudan older children and 
early adolescents are somewhat more frcijuently attacked than adults. In the 
region of the Caspian Sea children and adolescents are alike attacked. Some 
of the available statistics in India and Cdiina are as follows : — 

In Mackie’s statistics, out ol 193 cases, () wcie 1 to 5 years ol a^e, 100 were 
() to 10, .49 were lO to 13, 17 were P) to 20, T 2 were 20 to 30, and 8 wcie 
over 31, that is 7O per cent, were between the a^es of 6 and 13 ycais. 
In Rogers’ statistics in his Assam series, 23*6 per cent, were iindei' 10, and 
24*4 per cent, between 10 and 20 ^"ears of a_i>t\ Amone; the* sporadic cases ol 
Indians in Calcutta, 8 per cent, were under to, 40 per c'ent. l>ctween 10 and 
20, 32 per cent, between 20 and 30, t6 per cent, between 30 and 40 years of 
ai4e, and onlv 4 per cent, above 40 years of a<4e. In China, Cochrane found 
32‘b per cent, between 1 and io, 2()*6 per cent, betwetm 21 and 30, 2 i ‘b per 
cent. betwecMi 31 and 40, and only 3*6 per cent, between 41 and 30 years of 
age. In a series of hospital cases collected by me some years ago, nearly 
33 per cent, of the cases were under 20 years of age. In a subsetjuent series 
of J .1 8 eases in the same hospital, 3 were under (>, 20 between 7 and 12, 3(/ 
between 13 and 20, 38 between 21 and 30, and 18 above 30 yeais ol agt*, 
that is, nearly 83 per cent, were under 30 vears of age. Other statistics show 
that 30 per cent, of the cases are under 20, and that most of the cases were 
between 3 and 10 years of age. Acc'ording to McCombit* Young, kala-azar is 
also very widespi ead among children in Assam. I'lie hospital slatistics do not 
give an accurate idea of tlu* numl>er of c'hildren alfc'cted, and in consultation 
practice one uu^ets with a much larger percentage of erases in children under 6 
and some even h^ss than j year old. The lowest age at which the disease was 
observed by me was 6 months. 

During epidemics the disease probably attacks persons of various ages in 
proportion to theii' age distribution in the population. In Assam the 
proportion of cliildren alh'cted is said to be^ greater than in Bengal, but this 
requires further investigation. It is quite certain that adults may be attacked 
in places whc*re infantile kala-azar is most common, and 7 '/ir 7 \'rs(!. 

(3) .SdM.-- In Cak’utta the number of males .idmitted into hosjiitals is 
greater than that of females and, according to Ivhigers, in projTortion to 
those of other diseases. In his statistics, among luiropeans theit* wt*ie twice 
as many males as females above the ag(* of 13, but in childien under 13 there 
were tweiity-thrix^ females to thirteen males. In one of my series the number 
of females ailmitted into the Calcutta C«impbell Hospital was less thaiT could 
be accounted for by the proportion of females admitted for treatment for other 
diseases. 'Phis was in [)art due to the f.ict that this seric*s contained only those 
which gave positive results on spleen puncture, and this operation was per- 
formed less frequently on female patients. In consultation practice the 
number of affected females is much less than that of males. Thus out ol a 
series of 120 cases observed by me there were ninety males and thirty iemales. 

Rogers found that among tea-garden coolies tliere was no diflereiice in 
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the incidence ot the disease between the two sexes. In Chin;i, Cocliran saw 
only four females amon^ ei]Ljhty-three cases. 

In Italy statistics vary on this point. Gabbi found women preponderating 
amoujL^f his cases. y\ccordin,i^^ to Lon^e, Jemma and liis pupils, there is no 
particular difference. In the Sudan, females are attacked only exceptionally. 

(4) Rdic , — No race is exempt from this disease. In a series of i 18 cases 
observed by nu' in the Calcutta Campbell H(.)spital, there were ninety- 
ei,L(ht Hindus and twenty Mahomedans, which would make the {'>ropoition 
of Hindus to Mahomedans live to one, and this was found to be the jao- 
portion of total number of Hindus to Mahomedans admitted to the hospital. 
In Assam, Mackie found that the Jain community was free from this disease 
in the* affeclc*d areas. Later on, however, it was observed amon^ membeis 
of the Jain conimnnitv who came from ailected areas ol Assam and elsewhere. 
In eiulemic areas the coloured races are chieliy affeetc^d, and althon.^li the 
white races are not exempt, no epidemic has yet been observed among them. 

Piiitish soldiers in Dum-Hum camps were lormerly ailected, lienee the 
name ‘‘ Dum- L)um ” fever. 

better class Knrojieans .md Anglo-Indians are much less aifecttal in ikngal 
than the pooler classes. In Assam, the English tea-planters are more 
frecjuentlv attacked than the Europeans in Jkmgal. 1 'lie poorer classes of 
Indian Christians in C'alcutta are frecpienl suflerers Irom kala-a/ar. A Jh’itish 
high oflicial, who had tin* disease in the United Provinces, came under my 
observation. 

(5) CliuiitU' if/iil huidcuic, — Kala-azai* occurs only in warm 

c'ountiies (tropical and subtropical). In those paits of India where it 
occurs the vear may be divided into three periods, according to variations in 
llu* rainfall llic’ cold season from October to March, the* hot season from 
March to |ime, aiul the rains from |nnc to Octobei. At the beginning ol the 
cold season medium temperatures prt'vail generally. These continue falling 
till lanuarv, (sxcc'pt in the IVaiinsnla, wliere December is the coldest month, 
and then begin to rise. In Madras the average temperature during the 
months of Dec.'ember, |anuary, February and March may range between 
75 ’ V. and So ' F. 

The magnitude ol the annual variation of mean temj^erature in India is 
loughly as follows : about F. in north-west India, about F. in the 
Pc-ninsnla, and about 20' in the other parts of India. In Calcaitta the 
temperature i .inges betweei, a monthly mean maximum of (>(> ' F. (April) and 
a monthly mean minimum of 5b” V, ( January). In Madras the corresponding 
values are F. (June), and 08 V. (January). In parts of the country some* 
distance from the coast the I'ange is natundlv greater. 

The disease is fomad in districts which have a mild winter (00 F. to 75 F.), 
and, according to Rogers, cases occur during this season in proportion to the 
length of time th.it tlie cool weather lasts. It is fcnind inland and in 
mountainous districts, as well as along the coast. 

The rainy season, which is brought by the monsoon wind, begins in the 
List week of M.iy, in Ceylon, i^urma, and Southern India. In Cenli.il India, 
2 
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J:i(.^n^al aiul the West Central Provinces, it hcf^ins clnrinj^ the second week of 
June, and in the north towards the end of June, ‘file monsoon lasts until 
September, and in Oct(d')ei* the rains cease. It is dining this ^^eriod that 
fewest cases of kahuazar occur, according to Ro^^^ers. 

In my experience new cases came to Campbell Hospital in Calcutta foi 
admission throughout the year. 1'he largest number of admissions into mv 
wards in that hospital were from June to October. In Rogers’ statistics theie 
were three to four times as many cases from No\'ember to April as in the 
remaining six months of the year. Accortling to Hodds Price, every one of 
his cases in Assam commenced during the cold weathei’. In the Sudan the 
disease appears to be more prevalent in the period following the rains, i.e., 
between August and December. 

In considering the sea'^onal incidence of kala-a/ai, the long incubation 
period ol the disease has to be borne in mind. 

In Mediterranean countries the disease (iccuis chieliy at the end ol the 
winter and in the spring (last period ol the rainv season) (C]abbi). 

The average temjieratures in Sicily Irom Xovember to May are given 
below : — 

XoveiiilnM- ... ... ... ... I*'. 

Deeeiubt'r ... ... ... ... tS‘4'’ I-'. 

jaiiiiary ... ... ... ... 4n'4‘’ h'. 

Febniai y ... ... ... ... 4S’7‘'’ I^'. 

Maicli ... ... ... ... l'\ 

April ... ... ... ... ... 577^’ !«•. 

May ... ... ... ... ... 

Syracuse, Tripoli, Tnij^ani and Tunis have approximately the sanu* 
climate. 

In the Mediterranean countries east and south-east winds predominate in 
autumn, winter and spring, and north and north-west winds in summei'. 

In the Mediterranean countries the disease has a well recognized predilec- 
tion lor sea ports, which arc* connected with land on the cast side. 

McCombie Young considers that humidity rather than tempeiature is 
the chief delermining fact(n- in the distribution of kala-azar, bnt temjieratnic, 
('sjH'cially minimum temperature, is also of some importance, and the 
conditions of temperature and humidity required for the transmission of 
infection are as follows 

(1) A considerable degree of humidity, not less than is indicated by 

an annual mean relative humidity of 6o pei' cent. 

(2) A monthly mean minimum relative humidity which is not at any 

time less than go to 50 per cent. 

(3) A mean montlily minimum temperature not falling lower than 

50 K. 

(6) Hdbildtion (tud Position . — ^Dp to what height above sea level have 
cases of kala-azar been observed ? Exact information on this point does not 
exist. In Sicily, Signer observed cases in Marineo 613 metres abow sea le\'el, 
and in Salem i 442 metres above it. The opinion that the disease does not 
occur at heights over 2,000 ft. (600 metres) above sea level recjuires further 
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evidt^nct" in its support. Cnses have been reported to tli(* iiullior from lii^her 
altitudes, but it cannot be definitely stated where the disease was contracted 
by them. Ivecently Savage has observed two primary cases of kala-a/ar in 
Sanawar, in the Simla Hills, at a height of 5,760 ft. above sea-level (1927). 

In the Mediterranean countries the disease is more prevalent in districts 
near the sea. In towns, the outskirts and rural districts are most affected. 
In tht; Sudan the dist'ase occurs in villages adjacent to khors and rivers 
(Archibald, Boustield, Thomson and Marshall). In India the disease 
(>ccuis more frequentlv in villages than in towns, except in the city of 
Madras, wlu'ie there is a detinite endemic area. Sporadic cases h.ive been 
observed in which the infection could be traced to Calcutta. The disease was 
contracted in dila|iidatcd, ill-ventilated, overcrowded houses, or insanitary 
bustees, or in houses adjoining them. In one or two places, a number of 
houses near to a particular tank or pond were infected more than others. In 
India, a moie or less low-lving district witli a damp climate and a heavy rain- 
fall, in the nei^^hbourhood of sta,i^nant or runnin<^ watcM', seems tavour«ibU' tor 
the pr();^ress of the disease. In Italv the infected houses are generally 
overcrowded, ill-ventilated, and occupied by domestic animals, esiK‘cially 
(lo^s. 

Archibald has shown that in the Sudan the disease occurs in characteristic, 
limited, endemic areas, "bhe researches of Laveran, Franchini, Fantham and 
Poi'tcr su,i{J 4 est the )M)ssiliilitv ot the distribution ol the disease beiipi; in some 
way connec’ted with the presence of cysts of tlie lierpetomonads of certain 
arthropods in the water. 

(7) Ocmpdlioii (1 11(1 Social Position . — The disease is specially common 
amon.i; the poorer classes, such as workmen and ai^riculliiral labouieis, but it 
is also not uncommon amonj* the middle classes in India. In Italy it is found 
more frequently amon^ workmen and peasants. 

Xapier has ^iven a list of comjdicated factors which he ct)nsiders play a 
part in determinim^ the spread of the disease by means ol a hypothetical 
transmitler. Thev raise an extremely complex and perplexiiiij; problem. 
Some of the factors supposed to have a beariipLj on the incidence of the 
disease are different in towns as compared with rural districts. Others, such 
as an altitude ot U^ss than 2,000 It. above the sea-level, or kee[>in^’ ol chickens 
or ducks in houses, do not appear to be essential factors, and, as has been 
I'jointed out by Charles Voun^S it is doubtful how far some of the data formu- 
lated by Xapier are rek'vant to the cjuestion ol infection. 'I'he |ain and 
Marwari community, who nev(‘r keep ducks or chickens in their liouses, 
are not immune. 



EXPLANATION OF THE DIAGRAMS ON PLATE V. 

1. Mononuclear cell from the spleen with Leishman-Donovan bodies. 

2-3. Smears of spleen pulp, containing various forms of the parasite, 
including small torpedo forms. 

4. A later stage in the development, showing cell division in piogress. 

5. Group of young pa?*asites. Below, some llagellate forms. 

6. Small group of oval forms ; none flagellate. 

7. Young flagellate forms. 

8. First stages in cell division of llagellate forms, 
c). Further progress of cell division. 

10. Mature flagellates with dividing forms. 

I 1. Group of flagellates. 

T2. Rosette formation. 

13 and 13^/. Mature flagellates with chromatin granules 
I4 >i 6. Mature flagellates. 

17. Flagellate from which spirillar forms are forming (l.eishman). 

J7^^ Spirillar form (Leishman). 

18. Polymorphonuclear leucocyte containing Leishman-Donovan t)odv. 

19. Cell of spleen pulp containing many Leishman-Donovan bodies. 

20. Endothelial cell containing a large number of Leishman-Donovan 
bodies. 



PLATE V. 







I# 

.# •) 





.Jk 



0 

Scale of "p" L 


6 10 15 20 

■ ' ' I ‘ ‘ 1 j < ■ I ^ i » 1 


HiUuyy^jdUl. 


Staged of development of L. donavaui in culture. (Modified from Leishmaii and Statham.) 
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CHAPTER III. 

i€TIOLOGY (continued), 

TllK CAUSAL MICRO-OHGANISM. 

'rilK Iiislorv of tlic development of oiir knowlecli^e of the eausalion of tlie 
disease has already been described. 

The parasite of kala-a/ar is similar to bodies found in oriental sore, bv 
Chmnin<4ham in bv k'irth in 1891 and by Wright, of I^oston, in the 

tissues of tropical ulcer in 1903. 'I'he parasite occurs in the tissues of man as 
a non-tla^j^ellated body, and Ro|{ers was the tirst to [M)int out that when 
cultured under special conditions it could develop into a flagellated stage. 

It was originally supposed that the parasite found in patients surfering 
from kala-a/ar in India was different from that found in infants in the 
Mediterranean countries, and accordingly two diseases were dcscril)ed : — 

(1) Indian kala-a/ar. 

(2) Infantile kala-a/<ir of the Mediterranean basin. 

1 'he former was supj'>osed to be due to lA'ishniitnin doiiordiii and the 
latter to Lcishnuinid liifcm/mn. 

'rile fact that the disease is prevalent among infants, especially in the 
Mediterranean districts, and among adults in India, and the supposed relation- 
ship between inlantile kala-a/ar and canine leishmaniasis, supported tliis view. 
Hut in more recent years it has been proved that adults also suflVr in the 
Mediterranean countries. Similarly children under the age of one year have 
been attacked in India. The modern view is that of Cbibbi, Wenyon and 
others, who hold that all forms of kala-.i/ar are due to one and the same 
parasite. I bit this does not explain why the incidence of the disease is 
greater among infants than among adults in one part of the world, and 
i'icc 7 \'rs(i. This fact still remains unexplained. 

ZOOLOGICAL POSITION, MORPHOLOGY, AND DEVFLOPMENT OF THE 

PARASITES. 

The parasite was considered by Ross to belong to a special genus 
LcisJinniiiid (1903). Rogers, and subsequently Patton, thought that it 
belonged to the genus Hcrpctcnionns, The name HcrpcfcniondS donovani 
was suggested by Laveran and Mesnil (1903L Other classifleations now 
abandoned were, Monadida' (Cunningham, 1885), Piroplnsniti (Laveran and 



Misml, i()03), 1 1 i'U\>soin/i (\Vri;^lit, 1903), M icrosj^oi idiiiui (Cliristo|^litMs, n)04), 
Trypdiiosouuj (Lt-ishnian, U)03). 

Ivt"Ct*ntlv Cliristoj^licM s, Shortt aiul Barraiid li.iw still acIopUal tlu* nanu‘ 
lli‘ipi'fi^mi^n(isiloiii>i'(ini{\i) 2 ()). Wcnyoii, Iiowc'Vl’t, la^nsiclcrs that the inclu- 
sion of Lcislnjuniiii in the ^cniis llcipciomonas cannot be admitted, as the 
numibers ol the <4eniis t! ri pt lonioiids have detinite trypanosome staj^cs w liich 
do not occur in lu'isJmiduiii ( Pk’OTO/ooLOGY, J92O). 

MORPHOLOGY AND DEVEI.OPMENT. 

ddie Leishman-1 )onovan body is a small ovoid or rounded organism, 
d'he size ot the parasite varies c'onsiderablv. When spheric'al, it measures from 
I to 3 microns in diameter. More usually it is ovoid, with the loni^ diametei 
measuring 2 to 5 microns and the shorter 1*5 to 2’3 microns. Sometimes it 
piesents torpedo-like forms, especially when blood and not pult-) is diawn !\v 
spleen puncture. It consists of a mass of cytoplasm coveied bv a definite 
nuunbrane. On staining with (jiemsa’s stain after treating in methyl alcohol, 
it shows two chromatin masses, one larger than the other, enclosed in a mass 
of cytoplasm. 'Phe larger chromatin mass is the nucleus o’‘ macro- or fropho- 
nucleus, and the smaller one is the micro- or kinetonucleus, or kinetoplast. 
The former is a more or less sjdierical bodv Iving against the membrane and 
IS somewhat Hatlc*ned on this side, d'he kinetoplast is usually rod-shaped, 
and is either at right angles, or at a tangent to the macro-nucleus. It stains 
more deet)ly than the latter. It may also appear as a point. One or more 
vacuoles may be present in the finely gninular cytoplasm. 

In dee[')ly stained [xirasites a red line can be traced from the bk'phai’opla^t, 
which lies lUMr the centre of the kinetoplast, to llu* sui t. ice of the par.isitc*. 
d'his is th(' axoneme which give rise to the llagelliim in culture*. 

M ulliplicdliou . — The jrir.asite multiplies by simple fission, which is always 
preceded by elongation, and the division of the macro- and micronuclei, and 
the plane of division is always longitudinal. 

Some forms, having attained a larger size, apparently appear to undergo a 
process of multiple division. These are almost circular, and have .as a rule 
six I'hrom.atin masses, three Large .and three small, the former being pi. iced 
i(»und the peri])herv. According to Wenyon, the bodies showing multiple 
->cgmentation pi'obably repre-sent detached portions of cytoplasm of the large 
cells containing leishmani.a. 

The parasites, as they occur in man, are probably almost invariably intra- 
cellular. They grow .and multiply within the host cell, causing it to enlarge 
and then to disrupt aftei’ disintegration of the nucleus. After being set free 
the p.irasites are taken up by the endothelial or the polymorphonuclear or 
large mononuclear leucocytes. In smears they are often seen free, or in 
clusters of various numbers, sometimes arranged with great regulaiaty. 
Sometimes as many as 50 to 200 or even more parasites are found together, 
embedded in a structureless matrix or stroma, probably the remains of tiu* 
original host cell. 
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lollowiii^^ (Icsc'nptinii of the development of the parasites is inostlv 
taken from that ^^iven by Leishman (see Plate V) : — 

In his observations the liodies obtained by splenic and liver puncture were 
incubaletl under aseptic conditions in test tubc'^, t*ach containin^^ i c.c. of a 
4 per cent, sodium citrate solution, at a temperature of 17 C. to 22 C. 

After two days the little oval parasites be^in to ^row, and their protoplasm 
takes on a deeper blue stain, becoming opacpie and more ^^ranular. Then 
they commence* to enlai^’e but retain their original shape. This initial 
enlargement with the retention of the ori;:^inal shape is due in part to the 
enlar<i;ement of the macronucleus, which is followed by an increase in the 
(juantity of protoplasm, which now stains blue more deeply than before. The 
micronucleus appears sonu'what enlarged, but retains its original c‘hai‘acteristic 
shape. A marked feature in the development is the early appearance of 
vacuoles in the protoplasm, which persist in all stages of development (tig. 1). 
'J'hese were not observed by Rogers. (Growth at this stage is vc*ry rapid, the 
yn()to[d.ism and inacronucleus both continuing to increase. The chromatin 
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becomes loosened and stains less deeply, but there is no turther alteration of 
the micronucleus at this stage. 

k'rom the earliest stages even in very young cultures, multiplication bv 
fission occurs. The lirst sign of this fission is seen in the macronucleus, 
which becomes successively elongated, constricted in the middle and finally 
separated into two distinct parts. Similar division of the micronuclelis 
follows. 'This may, Iiowever, sometimes precede the division of the macro- 
nucleus. Schul/ maintains that the nucleus divides by mitosis. The process 
of tission is completed by simple cleavage of the parasites into two '‘primary 
parasites.’’ Sometimes one may give rise to three or even four new individuals 
by a process of further subdivision of the macronuclei and micronuclei. 
Many of these developmental changes up to and even beyond this stage may 
take place while the parasites are still embedded in the protoplasm of the 
splenic macrophages. Christophers also described secondary lission forms, 
c'omposed of bodies ot varied si/es, as contested with primary fission 
forms. 
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'File flagelhilccl sta,L»c rarely <ippcars before the third day, I)ut may occur 
within twenty-four hours. 

The first stage towards llagellate formation is an alteration in the shape 
of the parasites. Tliev liecome elongated, being usually thicker at one 
end than the other, and often distinctly pyriform. Sometimes flagellation 
may take place while the parasite is still detinitely circular in form. Flagel- 
lation is a very rapid process. At hist there appears a circular pink-staining 
area in contact with one side of the micronucleus, which may sometimes be 
more diffuse and merge in the blue-staining protofdasm of the parasite. 
Sometimes this pink zone may attain a size equal to half the diameter ol the* 
parasite itself. It has been termed th.e “flagellar vacuole.” Following on 
this enlargement of the vacuole, there is rupture of the thin rim of pi otoplasm 
which forms the extei iial border of the parasite, and protrusion of part of the 
contents of the vacuoIt‘ in the form of a fringed process, or tuft, of the same 
staining reaction as the contents of the vacuole, and also of a fullv-developed 
flagellum, and having the appearance of a bunch of pale pink threads, 
emerging from the neighbourhood of the micionucleu^, parsing onwards 
through the partially collapsed flagellar vacuole, and projecting clear of the 
body of the parasite, d'lie filaments united and formed the riidimerils ol llie 
flagellum. Wenvon caansideis that these appearances are probably artel. icls 
due to a rupture of the vacuole, and that the a.xoneme, which is sometimes 
visible in the leishmania, continues its growth and t‘Xtends through the siirlace 
of tin* parasite to form the il.agellum. 

In the next stage, the tlagc*llum tapers slightly from its origin .it tlie 
bottom of their flagellar vacuole towards its tree extremity, while its length is 
now half that of the parasite. Then it grows rapidly. In some of the 
fullv-developed parasites the flagellum appe.ars to be inserted directly into 
the protoplasm of the parasite, near to, but not directly connet'ted with, 
the micronucleus. 'Fhe flagellum always arises from the rounded end ol 
the par.isites, and ))rojects at once clear of the bodv. When the }’)arasites 
mov*; they advance with the flagellar end foremost. 

A characteristic feature of the cultures is that tlie flagellates tend to remain 
clustered in groups, with their flagella directed towards one another, so th.it 
rosettes or spheres of organisms are formed with tlu* flagell.a entangled at the 
ciMitre. Wenyon considers that the full v-formed fl.igellate is flattened like a 
bl.ide of grass. Sometimes one edge of the organism is coiu’ex and the other 
'.lightly ia)ncave, giving it the shape of a curved swoicl blade. 

Considerable vari.itions in the shape and structure of the macronucleus 
are found. It is doubtful whether these are due to a sexual diflerentiatiou 
among the flagellated forms. The macronucleus is generallv granular, and 
in many cases there is a wreath (jr ring of chromatin granules enclosing a 
non-graniilar central zone. These granules are most piobably chromosomes. 

In many of the jxirasites small chromatin dots, distinct from the macro- 
.'ind microniK*leus, are found in the protoplasm. 'riu-y tend to occur in 
pairs, and resemble small diplococci. 

Multiplication by longitudinal fission occurs during the flagellated as well 
as during the n on-flagellated stage. 
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A curious process of unequal longitudinal fission has been observed in 
SOUK* of the mature flagellate forms, and in this process the nuclei of the 
parent did not appear to play any part. The result of this process was the 
splittin^ij off of a spirillum-like parasite from one end of the mature parasite. 
When newly separated, they are destitute of a flaj:jellum, but it is subsequently 
developed, and these forms are very motile, f.eishman considers that it is 
possible that tliese may undergo a further process of lonj^itudinal division, 
.eiivin,^ rise to ultra-microscopic bodies (Plate V, 17, 17a). 

The (la, Reflates possess no undulatin;^ membrane, as do trypanosomes. 

Xo process of the nature of conjugation was observed by Leishman. The 
body of the fully-developed fla.^ellate is iq microns to 20 microns lon|4, 
and in the avera^(‘ 2 microns broad, while the fla^^elliim is 16 microns to 
24 microns lon^. 

'flu* followin;^ is the most recaait description of the morpholo;4y and life 
c'vcle of Lt'ishniiiii id tloiLyrdiii, as <;iven bv Christophers, Shortt and Harraud. 

Idle usual kaieitli of the body of the parasite, measuied in wet fixed films, 
varies from about () to it) microns, but stumpy lorms ma\ be as short as 
5 microns, 'fhe brc’adth i'> usiuilly about 1*5 microns, but may reach 2 microns 
or more m stuinpy forms. The broad forms are ottcui preparatory to, or 
actu.illy in process of division, but broad forms i^iviniq no evidence of division 
occur. The len,i4tli of tlu* flagellum is frequently about the same lenetli as 
tlu* body and rarely exceeds twice this, except in .^lobular or subj^lobular 
lorms, whei\- it may exceed four times tlu* body len,L;th. (Christophers, Shortt 
and Harraud.) 

OKIEXTATION. 

'fhe Leisliman-1 )onovan body, as seen in spleen smears, is a ,c;lobular or 
ovoicl parasite, having near the surface dorsally a kinetoplast with a parabasal 
fiom whicdi a rin/o[da^t extends antei iorly, and ventrally a trophonucleus. 

The tro|)lionucleus and parabasal are situated at opposite poles on the 
periphery of the parasite and the 1 hizoplast is periplu*rally sitiKited and always 
runs in a diieclion at ri^ht angles to tlu* loni^ axis ot the parabasal. 

'flu* trophonucleus often shows an indication of bein,i> double, d'he 
arran, Clement of the p<uts mav vary, the divided portions olten bein^ more 
or less anteriorly and })osteriorly situated, thou.^h they arc frequently seen 
symmeli ically arranged on either side ot the sa.^ittal plane. 

'flu* rhi/ofdast is a linear structure about half the diameter of the parasite 
in length. It mav appear straight, but is more Irerjuently seen as a somewhat 
curved raphc-like line. It is probably at, or very close to, the surface what- 
ever its position may appear to be. 

Idle fla<Jiellar vacuole lies deeply situated between the rhi/oplast and the 
trophonucleus, more or less in the hollow ot the curve of the rhizoplast. 

When the Leishman-Donovan body is sei*n as an elongate, oval or 
torpt*do-shiiped form, this eloip^ation has usually taken place in an antero- 
posterior direction, so that the trophonucleus and kinetoplast are left closely 
approximated in the middle zone of the parasite, the rhizoplast lyin^ in the 
long axis of the body. 
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Fltii^c/lnfr Forms.- 'flic orientation of tin* tlat^cllate lorin eloscly c-onforins 
to tliat described for the J.eislinian- 1 )onovan body, but the parasite is dow 
greatly elon<^ated in an antero-posterior directiim and the distribution of parts, 
as described for the Leishman-Dcniovan body, is modified in the followin,^ 
lespects. 'Fhe parabasal witli the rhi/oplast and flai^ellar vacuole are carried 
to the anterior extremity of the body and separated fi-om the troplumnclens, 
but they still maintain an orientation very much as described in the Leishman- 
Donovan body, i.e., the base of the flagellum (i hi/oplast) is near, if not on, 
the surface, whilst the llaiL^ellar vacuole lies deeper in the sajj;ittal plane, d'he 
parabasal, if elongated or double, has its long diameter in the transverse hori- 
zontal axis. 'Fhe position of the trophonucleus is difficult to determine. In 
sections it is most freijuenlly markedly eccentric : the section ol the parasite 
being circular, the trophonucleus, also circular in cross-section, is applied at 
one point to the peripheiy of the parasite. In films it is possible to tind 
examples where the tM)phonucleus appears to In* so applied, but on the other 
hand, even where the kinetoplast is seen at the side, the trophonucleus appeal s 
more or less central in position. 

SHAPE OF THE PARASITE. 

The shape of the flagellate form of the parasite varies con>iderably, but is 
on the whole fusiform with the anterior end, from which the flagellnm arises, 
more bulky and obtuse than the posterior. Many developing forms are sub- 
globular. I.)ivision forms are often spindle-shaped. Certain forms aic* almost 
spiroch.ete-like, the body being very little broader than the flagellum. 

Viewed under a high-power binocular microscope, the body of the parasite 
appears thick and voluminous, like a bladder filled with fluid, as it does also 
under dark-ground illumination. ln)lded-over foinis that suggest a flattened 
shape are most probably due to torsion constricting the parasite. 

Not uncommonlv the body exhibits a twist in its length, giving a cork- 
screw-like ellect. 

THE CYTOPLASM. 

The cytoplasm, as seen in wet fixed preparations stained with iron luema- 
loxylin, is finely vacuolar or reticular in structure, and a few small, more 
distinctly visible vacuoles aie generally present, especially posteriorly. In 
certain forms, considered degenerative, vacuolization is distinct. In (bemsa 
preparations most parasites contain a v.iriable number of granules which take 
on a stain with Giemsa very similar to chromatin (azurophil). These granules 
are most numerous in the posterior portion of the body, but also occur 
anteriorly. The granules are also numerous and conspicuous in the round 
forms. 

Almost invariably in suitably stained preparations there is present in the 
fully-developed flagellate in the anterior portion of the body an obliquely 
placed clear cleft-like streak. 'Fhis passes from the neighbourhood of th.e 
trophonucleus obliquely forwards towards the flagellar vacuole. Somewhat 
similar streaks may sometimes be seen in other parts. The appearance and 
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situation art* certainly siii^L^csti ve that this cleft mav be of the nature of a 
eytostoine. 

A peculiar appearance often shown by tlu* cvtoplasin is a loipi^itiidinal 
division ol the body of the parasite into two portions, one more lightly stainini^ 
than the other, or in (bemsa preparations showini^ a diOerent lint. The 
appearance is due to dilfcrent structures formin,jj[ the bodv (r'/V/c axostvlar 
body). 

In addition to the reco,i^ni/e(l oreanelhe, tliere are frequently to be seen in 
the cyto[>lasm of botli the fully-developed Ha^ellale and of the stumpy forms 
certain rather obscure lines, chromatinic in character. 

d\vo dilk*rent lines appear to be distineuisliable in the anterior portion of 
the body. One of these* is a line passing more or less directly fiom the 
neighbourhood of the ti ophonucleus to the* neielibourliood of tlie parabasal. 
The other is a line passi 11,14 fi'oni the neighbourhood of the troplionucleus 
apparently to join the flai^ellum. A dark line mav also often be seen extendiipt;' 
|)osterior to the nucleus, d'he lines appear to lie due to structures about the 
base ol tlu* lla.^ellum connected with the axostvlar bodv or its rudiment. 

TUK ouc;anell/k. 

///(' Ti\p/h^ii lich'iis. 'riu* trophonucleus is typicallv circular or oval in 
shape. In elongate torms it may be compressed so far as to appear linear. 
With a moderate de,i4ree of ditfei entiation of the iron luematoxylin prej^aration 
the trophonucleus appears as a clearly differentiated circular or oval area. In 
some cases this may be surrounded bv a paler zone of cvloplasm. With 
lurlhei* dillerenliation the black area, which represents the whole nucleus, 
becomes lesolved into a more or less ceiitial dark portion, karvosome, and a 
li.e;hter staining' peripheral portion. The trophonucleus varies in appearance. 
'Two tvfies of nuclei can be distinguished, dep(*ndin,i4 upon the condition of 
tlu* kaiyosome. In Tvpe 1 nucleus, the karyosome is ju'esent as a conspicuous 
,e:iobulai bodv approximatiiif^^ to one-half or one-third of the diameter of the 
nucleus, ill d'ype II nucleus, the karyosome is more delicate in appearance, 
as well as less sinqdi* in form. Ii'i this type of nucleus the karvosomic mass 
is associ.ited with a rod-shaped structure (centrodesmose). Tlu* appearances 
for the mo'.t pai I c*an be placed under one or other of the following heads : 
{(i) 'file rod is unilat«.‘rallv situated in respect to the karyosiamic mass, .{4ivin<4 
a drumstick eifect. (h) There is a rod with a medianly situated kaiyosomic 
mass (Saturn-rinj4 effect), y ) The karvosomic mass is divided and the two 
portions lie at either end of a centrodesmose (dumb-bell effect), (d) Various 
intermediate effects, e..^., a short unilateral centrodesmose. 

ddie two tvpes of nucleus are commonly bridged by intermediate appear- 
ances. I'hns, in a nucleus otherwise of Type I character there may be a minute 
accessorv i^ranule, or there m.iv be two such granules. A very common 
appearance is such a granule joined to tlu* karyosome by a short connecting 
rod. In addition to the above tliere is commonly se(*n a large karyosome 
mass associated with a smaller mass of perhaps half its size, or there are two 
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closely ;ipproxiniatc(l nearly equal-si/ed masses, or a bilobecl effect of ilie 
karvosonie. Occasionally the karyosome has the appearance of a cross. 

All the appearances are the rt‘snll of diflerent arrangements ol the 
following: : (^0 A unclear membr.ine enclosiiy <4 nuclear material ; (/d a 
karvosome mass which nnderc^ws divisit^n ; (t ) an inti annclear centriole 
which may be present as a single body, or as two bodies when divided, one 
or both of wliich may be external to the karvosome ; and ((/) a centrodesmose 
joining tlie two centrioles when present. 

Kiiu'fophtsf . — Includes all the structures connected with the base* ol th(‘ 
tiagellum : (n) A cl(Mr vacuolic area, tlagellar vacuole ; (h) the parabasal ; and 
(c) the base of the flagellum, rlii/oplast, with, under certain circumstances, a 
terminally situated granule ; (</) blepharoplast. 

h'laiicllnr Viiciiolc . — At the base of the flagellum is a clear vacuole to be 
seen in the living condition and in stained preparations, fldi^rlhir rdcitolc. 
'J'he flagellar vacuole is generally about half the width of the parasite* in 
diameter. Most frequently it is seen occupying a position at one side of llu* 
body, in which case the extreme basal portion of the flagellum passes around 
and external to it. It is extremely conspicuous in the early stages of develop- 
ment of the flagellate. On the nuclear hypothesis, the flagellar vacuole would 
repri'sent the actual nuclear sac. 

PiJi iiJuiSiiL — 'riie parabasal is a body about half the diameter of the tropho- 
luicleus. It is usually in the form of the two etpial-si/ed, closely approxi- 
mated or connected masses, but is sometimes rod-shaped or may appear as a 
globular, triangular or heart-shaped mass. The parabasal appears to be very 
closely connected with the flagellar vacuole, and mav be described as lying on 
the dorsal wall of this structure, usually occupying a posterior position. 

— The flagellum is seen as a more or less uniha mly staining 
untapered filament. Its apparent width varies with lixation and staining. 
At its base the flagellum passes round the flagellar vacuole on its dorsal 
aspect, and nsuallv a}>pears to join one side of the paraliasal. As a rule, 
esjK'ciallv in wet fixed films, the (lagelliiin appears to [’lass into the parabasal 
without anv break. In ceitain c'ases, a minute gap may be seen betwec'ii the 
abrupt termination of the flagellum and the paiabasal, the appearance being 
as if a small vacuole were interpolated in the substance of the* flagellum at its 
extreme base, ruder C(*rtain circumstances a minute stained particle can be 
>een at the basal termination of the flagellum, hUfluiropIdsf. Whthin the 
cytoplasm the flagellum becomes rather suddenly somewhat thinner, where it 
has the appearance of passing along the wall of the flagellar vacuole. Where 
the sheath of periplast is continued on to the flagellum, it often stains rather 
darkly, giving the effect of a funnel-shaped collar round the base of the 
flagellum. In its passage over the flagellar vacuole the extreme base of the 
flagellum, instead ol being constricted, as just described, is often considerably 
expanded, so that it appears to end in a gradually broadening cone in its 
passage towards the jiarabasal. This appearance is associated with division. 
At its free terminal extremity the llagellum often shows a slight club-shaped 
thickening very suggestive of an organ of attachment. 
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A.\os/y/ar Ihu/y oj CJirisloplt(‘rs^ Sliiyr/f find Bitrratiii . — A body that can 
scarcely be ji^nvcn any other desi^niation exists in this parasite. Especially in 
Ciieiiisa preparations, the body of the parasite frequently shows dil'ferentiation 
of the cytoplasm in such a fashion that a distinct ribbon-like darker stained 
band can be seen passinij; from the parabasal dorsally over the trophoniiclens 
to the posterior portion of the parasite. In most pre}')arations where there are 
many parasites, a number of peculiar bodies may be seen whicli consist of 
tla^ellinn, a parabasal .i^raniile and a sharply defined fusiform prolongation. 
Idiis prolon^^ation is usually much the same shape as the body of a jiarasite, 
but of about half the thickness. The whole structure in ipiestion may bt* 
mistaken for a flagellate. It will be observed, however, that the tusiform 
structure resemblin^^ the body of a parasite has no nucleus. It is a siirtace 
structure rather than a core. 

As a result of study of the ajq^arent time relations between various details 
of division of tin* parasiti* durin^ii culture, the following schema h.is been 
coiisliucted by Christophers, Shortt and Barraud, it lieiiyi^ understood that 
in the schema the two newly-formed parasites after stage ll are again at 
stage 1 : — 
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TYUES OF PARASITES SEEN IN CPLTURE. 

I. — rnaltercd Leishman-Donovan bodies. These are found in early 
culture periods only. 

II. — Early flagellation forms. These may show all stages of flagellar 
formation short of the full development of the flagellum. These forms are 
globular or ovoid in shape. They vary in si/e from those little larger than a 
Leishman-Donovan body to large predivision forms. 

III. — Stumpy forms. Short subglobular, pear-shaped, oval or very 
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trcqucntiv broad, syni metrical spindle-shaped forms with well-developed 
Haj^ellum. 

IV. — Fusiform multiplicative forms : {n) Flon^ate oval or toi pedo-sliaped 
forms, {h) spigot-shaped forms ; with length exceeding three times the 
breadth ; body with anterior and p(^sterior portions not very dissimilar 
(a form), or with posterior portion more attenuated (/> form) ; llagellum as 
long as body or longer. 

\\ — Mature flagellates. Large flagellates with length live to six times the 
breadth. 

VI. — Globular or siibgiobular fl.igelhite forms. Very small forms without 
a flagellum or in ])roeess of losing this and with (usuallv) one ehromatin ma^s 
of relatively large si/e. As a possible resistant oi enevsled stage, this form 
has considerable importance.’ 

(7) Degeneiati ve forms. 'Fhe following types of parasite appear to be 
degenerative forms : (a) Large fusiform or rhomboidal ; forms with 
vacuolated cyto[ 4 asm and often a straight flagellum. (/?) Pyriform bodies, 
with vacuolated cytoplasm and degenerative aj^peai aiic(‘ with long tlagelhim. 
(e) Large globular forms, 3 microns or more in diameter, often with irregular 
nucleus and Hagelliim several times diameter of the body. 

LIFE CYCLE OK THE PARASITE IN CULTURE. 

In liquid medium, up to the second day, onlv developing atlagellate forms 
('Fypes 1 and llj were }u*esent. On the third day there appeared in addition to 
these a number of 4 'ype 111 (stumpy forms) and 1'vpe W (fusiform multiplica- 
tive forms). From thefouith day onwards thedommani forms were 'Fvpt's l\\ 
and 111, of which the first two were in general in great excess, TyfK* l\’ 
reaching a maximum before Type V. 4 'he atlagellate (cystic ?) forms ('by pi* \\) 
are not seen until the eighth day. As regards the mature flagellate foi ms 
(Type V) a few were seen as early as the third day, but this form reached its 
Greatest numerical prevalence rather late in the culture, i.e., on the eighth day. 

In the first stages of the development of leishmania cultivated on 
X N N medium, Fraiichini observed that small annular bodies were present. 

’ Clii istopln.Ts, Sliurtl and Han and have observed that whilst the i;eiieral life of the 
eulture has reached a niaxiiiuini by tlie lentil day, and has apparently liecoine extinct at 
a later period, there is one form of the parasite that seems especially associated with the 
later stages. These are the () bodies described by Row. These forms seem to make their 
tirsl appearance when the culture has reached its zenith, i.e., about the eighth day or latei , 
and they liecome increasingly numerous as the culture ages up to a point. In their most 
recent paper (1927) vShortt and others have shown that all the atlagellate forms found 
in older cultures, and classed together as () bodies, are not necessarily identical in structure, 
since some may consist of trophonucleus and cytoplasm only, while others may include, in 
addition, axoneme and parabasal. In the case of L, (lonorani they believe that the C) bodies 
are end-products of degeneration and are not viable. Attempts to make subcultures of 
L. lioiiovani in which all active llagellate iorins had disappeared have always, in their 
experience, been unsuccessful. 
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They rest-nihlcd yoiiiijif niiihiriul parasites. 'J'hey contained one or more 
chromatin granules. Nuclear masses and fiagella did not develop until later. 
In older cultures ("thirty to I'orty days) tla^'ellate forms were not so numerous, 
d'here appeared in their place a circular form, which Franchini considers to 
be an encapsnlaled form. In cultures eighty days old, the circular forms, 
non-lla.<4ellate and without a kiiieto-nucleus, were the only ones present, 
'fhese have only one chiomatin mass. 

l)i Ci'istina and Cannata hold that in yonn/^ and old pure cultures, two 
dilferent forms are present. One is an elongate form, and the other a 
|)ear-shaped non-tla^eiellate body, the latter bein^^f considered by them as 
bein,<4 possibly se.xually diffta'ent from the former. Mai/inowsky and Wenyon 
have recognized both these forms in cultuies of Lci^hnuni'ui tropica. 
l)i Ca'istina and Cannata also call attention to certain forms which they 
regard as showing evidence of a sexual process. These are spherical forms 
containing cliroinatin granules l)esides the nuclei. They think that the 
granules iiulitMte a maturation process in the prepar.ition of gametes wliich 
conjugate in anisogamy and give rise to afiagellate forms. 

Rogers and Nicolle found that 20' — 22 ' C. was the optimum temperature 
for the development of leishmani.i, up to the ilagellate stage. Franchini 
found temperatures of i(S ' and 22"" — 2(S C. favourable for the development of 
the parasite. 'S'oung and fairly old cultures will grow and develop for a few 
days at a temperature of 30 ' C. Between 37^’ and go C the Ilagellate forms 
and young cultures die. In old cultures a few of the flagellates may survive 
a temperature of 43" C. for a short time, and can be subcultured (k'ranchini). 
I)i Ciistina has found that young cultures can withstand a temperature of 
37 C. for twenty-two hours, whereas at a tempeniture of 42^ C. they die after 
one hour’s exposure'. 

At blood heat the Leishman-Donovan bodies die out in a day or two. At 
2/ C'. tlu'y live for several days and .ippear to multiply considt'rably. At 
22 C. the parasites multiply rapidly and also increase in size and subsequently 
develop into a llagellated stage. Below 15 'C' tlu' development ceases. 

h'resh human sc'rum destroys leishniania (Archibald and Cornwall), and 
according to Cornwall the serum ot goats, sheep and guinea-pigs has the same 
action. On the other hand, the parasites are not destroyed by the serum ol 
I’cdabits, dogs, cats and hens. 'Fliis action of serum is lost bv heating it lor 
half an hour at 33^' C., and is not restored by addition of complement. Olsen 
did not lind the serum of moribund tuberculous subjects, or of experimental 
anim.ils, or the cerebro“S|)inal Iluid ol healthy men h.id any destructive action 
upon leishniania, but he found exud.des and transudates had this property. 

MEDIA FOR THE CULTIVATION OF THE IVXRASITES. 

Sterilitv is an essential factor for the development of the parasites ; the 
jiresence of bacteria, especially staphylococci, destroys the parasites of both 
Indian and inlantile k.da-azar. Spagnolio tound that the parasites of infantile 
kala-azar grew in the [iresence ol M icrococctts niclilciisis. Water kills the 
parasites. Moulds and fungi do not interfere w’ith their development. They 
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quickly dcgc*ncratc in the tissues after death. They have been cultured by 
Archibald fi oni the splenic material tliree hours after death. 

Rogers found that normal or slightly hypertonic salint‘ was most favour- 
able to the growth of the parasites, and that the growth was most abundant 
in a slightly acid medium. 

Later on, Now and MacNeal suggested agar-agar with rabbit’s blood. 
The parasites develop c'xceedingly well in tubes of this medium. Nicolle 
found that the parasites grow best in what is known as X X N agar medium. 

The following is the formula for the preparation of this medium, as 
recommended by Shortt : 14 grm. (U' agar are soaked in distilled water 
for twenty-four Iiours, followed by two changes of twelve hours each. Suridus 
water is decanted off and (> grm. of sodium chloride added and distilled water 
poured in to make up the weight to (>14 grm. (In Shortt recommended 

the addition of 2 5 grm. of gliuosc* to tlie above.) “ The medium is now 
autoclavt'd at 15 \h. pressure for twenty minutes, and when recpiired for ust* 
is tubed and again autoclaved. After liquefaction in a water bath and cooling 
to 52 C\, rabl)it’s blood obtained by cardiac puncture is addc^l to each tubi‘ 
to the extent of one-third the volume of agar used. The tubes ai*e mixed bv 
rolling, and sloped until solidified. They are then placed ovei -night in cold 
storage or on ice, after which they are capped and incubated for twenty- 
four hours at 37 C., when they are ready for use.” 

Row has used defibrinated rabbit’s blood hiked with S to 10 pails of 
distilled water and then mixed with 2 parts of 1*2 per cent, salt solution kept 
in a water bath at C. bef(;re the hiked blood is added to it. He has also 
used human blood in place of rabbit’s blood. 

The paiMsites can also be cultivated in Kligler’s medium, which is madt* as 
follows: (ij Mix dextrose, o*r grm.; nutrient agar, 10 c.c. ; normal saline*, 
qo c.c. (2) 4*5 c.c. of the above are put in separate test tubes. ( i) Sterili/.e 
in steam sterilizer. (4) To etich tube add [, c.c. sterile rabbit’s blood scM um. 

\ arious other media th.it have been tried need not l>e discussi*d hei e. 

STAININC; OF KLACrELLATFS (iROWN ON NNN MFDIFAr. 

The usual procedure is to wash tlie flagellates in salt solution, to centrifuge, 
and stain the deposit of flagellates. The following method is a very sinqde 
one, and demonstrates clearly the llagellates which are present in the fluid 
|)art of the medium, as well as those in the sidid parts (Shortt). The details 
are as follows : — 

(1) A loopful of the fluid containing flagellates is placed on a glass slide. 

(2) Four loopfuls of citrated physiological saline are added and mixed 
thoroughly with above. 

(3) The liquid is then sjuead over an area of sq. 

(4) It is then fixed for fifteen .seconds in the vapoui' of 4 percent, osmicacid. 

(5) The preparation is dried in air as rapidly as possible. 

(6) It is then fixed in methyl or absolute alcohol. 

(7) It is washed with distilled water, in order to remove any salt. 

(8) The preparation is then stained with Giemsa or Romanowsky. 
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1 lu' last slaiti, employed in three stages, j^ives especially ^ood resnlts. 
1 he following method ol K^omanowsky staining, described bv Shoi tt in 1918, 
.dives very brilliant results : — 

(1) I he preparation is stained for two minutes in eosin solution. Poly- 
chiome methylene-blue is added and the two stains are mixed and left for 
another two minutes. 

(■^) J he jireparation is then rinsed in distilled water. It is then stained 
tor halt a minute in tresh eosin solution. I’olychrome methylene-blue is 
added, mixed and the stain left tor oiu* minute. 

(;;) 1 he prepaiation is rinsed in distilled water, and stained a^ain as in (2). 
iMiially the prejiaration is washed in distilled water, until the correct dedree 
ot dillerenliation is obtained, and then dried with filter paper. 

STAININU; OK TISSUKS CONTAINING LEISHMANIA DUXOVAM. 

J he parasit(*s may be stained in tissues bv iron hamiatoxylin or 
Leishman s nr (liemsa s stain (Sluu tt). The lollowind method of lixind 
tresh tissue's, elaborated by l)r. M. X. I)ey (Calcutta), d*'"vs very 
results in showind the Leishman-Donovan boclit'S wlien the sections are 
staiiu'd with I-cishman s or (lienisa's stain : Small blocks of fresh tissue 
i to 3 mm. thick, are placed stiaiuht into acetone or methyl alcohol (or ethvl 
alcohol, it the others are not available), which is dr‘^‘^t.*d in strendth from 
50 pe‘r ('i*nt. upw.irds. hixation and dehydration are carried out as qiiicklv 
as possible by takiiid the blocks throudh several bottles (.it the fixative success- 
ively with shoit exjmsiire in each, and the process completed in about half to 
t hree-cpiarters ot an hour. Alter cleaniiid in xvlol, the blocks are embedded 
in jxiiaffin. I he sections m.ide ol thest* blocks arc* tlu*n stained with 
1 A-ishman's or (liemsa's stain. Dr. C. C. l'>asu (Calcutta) has obtained dtH)d 
results by lixind tissues in Zenker and stainiiid with silver solution. 

KAKK KORMS OK CKISHMANIA OONOX'AXI. (SEE TYPES OK PARASKIES 
SEEN IN CTJLTITRE DESCRIBED BKKOKE.) 

(1) Swollen, distorted, vacuolated lorms with nucleu'^, stainind with 
diftieulty, or annular forms described by Cornwall and La l*'renais. 

(2) Coccal, Liranule-likc* bodies, described by .Archibald and others and 
found in the* spleen and livc'r of individuals sulferind liom svmptoms like those 
of kala-azar. In Arcdiibald's case they rc*sembled laide cocci, more or less 
uniform in shape, d'hey were massed todether in cc*lls which were devoid of 
niK'lei, and showed no sl<^ns of development even after ten davs on the \ X X 
medium, but produced kala-azar in monkeys after injc*ction. They juobablv 
represent a st.ide in the life history of the parasites, or some of them may 
be dc'denerated forms. They have been described as “.iberiant” foims of 
leishmania. 

(3) “(hmdues ’of Laveran and Mesiiil. They consist of masses of cyto- 
plasm containind a varyind number of nuclear pairs, and have been variously 
interpreted as detached portions of the cytoplasm of larde mononuclear cells 

3 
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C()ntainiii|4 parasik-s, reprodiiclivt^ phases of tlie parasites, or (le|^eneralive 
appearances. Vakinioll states that in one and the s.iine pi epar.ition lie has been 
able to trace the wliole development of tlicse bodies; they commence with 
one nuclear pair ; the nuclei multiply till a niultinncleate body is produced, 
and this segments into corresponding number of nuclei. 

(4) Some observers state that sexual lorms ol the Hagellate occur in culture, 
and that multiplication takes place by conjugation. riiis is very doubtful. 

(5) In old cultui es when the nutrient medium of the parasites is exhausted, 
oval or spherical forms are found, which when stained appear to possess 
thicker walls, suggestive ol the cystic or posl-tlagellate stage ol certain 
“ herpetomonad flagellates’' which on subcultuie may again develo)'> into 
flagellates. 

(6) A “ thick-tailed ” parasite, with flagellum four 01 live times as thick as 
usual, has been lound by Cornwall and others in bed bugs. One might think 
that tliey were specific ol leishmania developing in bed bugs, but Shorlt has 
also seen them in llcrpctomoiuis cti itOLCphiili . 

(7) Row described “ post'flagellatc ’’ and “ supei -})ost-flagellate " forms in 
culture, and he believes that they are most infective to mice. C'ornuall doubts 
this, and Sht)rtt looks upon them as degenerative loims. d'hey consist ol 
small rounded bodies resembling the original pai'.isite, and they probably 
bear some relation to form 5. 

(8; A curious, very slender form has been observed in culture by 
Leishnuin, [)i ()bably subsecjuently giving i ise to ultra-microscopic bodies. 

(9) Cystic forms have been described in dried cultures, but they are 
probably artefacts formed in process of drying. 

(107 Small rounded forms with very long Ikigelhe h.ive been described by 
Shoitt. 

According to Wenyon the origin of the structures in (2) and (^) is in die 
cytoplasm of large cells containing Lcii^luiuinin, jiortions of which have been 
broken oil. I liey are merely Ir.igmentalion bodies. 

LEISHMANIA DONOVANI AND LEISI 1 :\I ANI A INFANTUM. 

Morphologically there is distinction between tlie Ltish /nd/iKi (Lcis/i- 
niiiniit ilonoviuii and Lci^Jinuiuiu ///A/////////) giving rise to internal leishiirmiasis 
in different parts of the world where the disease occurs, though in the 
Mediterrane.in and Casjuaii areas the disease is associated with a similar 
disease in dogs. As stated elsewhere there seems no reason to separate the 
Mediterranean leishmania from those ol India. 
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CHAPTER IV. 

INOCULATION EXPERIMENTS AND LESIONS PRODUCED IN 
EXPERIMENTAL ANIMALS. 

Mcllioils of I iiociildliou, — Infection is most e:isily i^rociiicecl by intrii- 
|)eriloneal injection of hiii^e doses of the emulsion obtained by crnshin<^ an 
infected splecai, liver or bone-marrow in normal saline solution. In the 
case ol larger animals, intrahepatic or intravenous injection may be made. 
Inh'clion is not so readily produced by subcutaneous injections. As rei^ards 
the matcM'ial to be injected, cultures of the virus or emulsions of the above- 
mentioned tissues of an Infected man oi' some other animals may be used. 
Irilec-tion is more likely to take pl.ice with the virus from the affected organs. 
In the c'ase of culture a lai ^'e dose may be recjuired for successful inoculation. 
\ttc*mpts at brin^i^iip^ about infection by oral administration of culture of the 
virus have sometimes been successful, (irev monkeys have been successfully 
infected by feeding; them with emulsion of the Sudan virus (Archibald). 
Rats have been infected bv feeding them with cultures of the Indian virus 
(Ca)rnwall and La Kienais). Knowles infected a monkey from in,<4estion of 
the infective material, (ireig and Christophers obtaiiied })Ositive results by 
the injection of infective material into the lumen of die intestines in a 
monkey. (It m<iy be stated here, incidentally, that Laveran infected mice l>y 
oral indigestion of L. liof idi,) Recently Christophers, Shorlt and Harraud have 
observed that, with one exception, where a f.illacy may have been introduced, 
the oral administration over a loiii^ series of cnltures of Lcishmiiniii donovani, 
failed to infect tame mice. Adelheim has observed that a healthy mouse was 
infected by beiiii; kept for five months in a jar cont. lining' an infected mouse. 
TIu* infected mice had ulcers in the intestine containing Lcishuumin and it 
was thought that infection of the originally healthv mouse was due to oral 
contamination. 

Working with Lrisliuntiiid doiiordni, Khiw found that positive results, 
whether U)cal or geneial, were obt<iined only when the cultures abounded 
in small roniuk’d bodies resembling the original [\irasites or coccidike bodies, 
w'hich he described as “ super-postflagellated forms. ” His observations 
seem to differ from those of Nicolle, Manceaux, I.averan, (Lmder, and niore 
recently of Shortt, wdio obtained positive results onlv by using active 
tlagellates. 

Many observers hold that the postllagellated and super-posttlagellated 
forms described by Row’ aie jiroducts t)f disintegration of the parasites in the 
culture. Christophers, Shortt and Barraud have, how’ever, recently observed 
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that primary cultures of LcisJiiiiiinid lionovani of an age of six days or less 
are probably incapal>le ol prodiieiog infeetioiis in tame mice when inoculated 
intraperitoneally, and that primary cultures of an age of seven days or more 
are almost invariably capable of causing infections in tame mice under the 
same conditions. They have also observed that under the most lavourable 
culture conditions in N N X medium the (!) bodies of J\'o\v (? cystic stage) lirst 
appear on the seventh day of ciillure. It is therefore a somewhat signilicant 
fact that cultures of the seventh day were the earliest to produce infections in 
mice. 

Still more recently Shortt, Craighead, Kha/an Chand and Swaminath have 
shown that the flagellate forms of Lci^luudiiia iionovuni found in cultuies are 
capable of producing infection when inoculated intiaperitoneally into white 
mice without the presence of the () bodies describt‘d by l\ow, and that all the 
evidence available at pres(‘nl is against the probability of the O body playing 
any part whatever in producing infections. 

DOOS. 

I iijdiitilc Kiilii’dzttr. — Xicolle, ^^anceaux and Comte were thetiist to inocu- 
late dogs with the virus of infantile kala-azar. 'I'hey found that the disease 
in the dog was generally a mild one, and there might be transitory 
elevations of temperature lasting several davs. (3al)bi rind X'isenteni (Italy), 
di Cristina and Cannata (Italy), Jemma, di Cristiiui and Cannata (Italy), 
Alvrires and Pareiia da Silva (Lisbon) subsec|uentlv made successful exjH*ri- 
ments with dogs. Di Cristina and Cannata found that young dogs wen* 
more receptive of infection than old ones, and that even a heavily infected 
dog could c'ontinue well nourished and without any detectable distuibance 
ol the organs. Cabbi inoculated successfullv an Indian dog with the 
Mediterranean virus. Xovy infected dogs with cultures of the virus obtained 
in d'unis. Me obtained similar results in his experiments on dogs which he 
inadi* in collaboiation with Mejunkin and Stduile. Laveran (Laris) and 
Laveran and Pettit (Paris) infected dogs with the Tunisian viiais. They 
made a most extensive series of experiments on dogs, and found that the 
infection might be sometimes of such a mild nature in dogs that parasites 
could only be detected in the organs by the cultuial method. In these 
mild cases spontaneous recovery may take place. 'I he spleen is not enlarged 
in such cases. Xicolle and Plaizot infected a dog by intravenous inocul.ition 
with a culture. Vakimolf (Turkestan) infecled dogs with the local virus. 
Pulvii'enti and 'romaselli ((Jatania) successfully inoculated tlu* monki’y 
intrahepatically with spleen juice of an infected child. 

Iiididii Kiild-ii zdr . — 'Fhe earliest exjHM'imeiits to infect dogs with tlu* virus 
of Indian k<ila-azar proved unsuccessful (Donovan, M.ickie and Patton), and 
this fact was originally adv<inced as a proof that Indian kala azar was 
distinct from infantile kala-azar of the Mediterranean. It is now well known 
that the Indian virus will give rise to infection as often as the Mediterranean 
virus if suiliciently large quantities of the virus are used. Dogs were 
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siil>sc‘e|ucntlv successfully inociihitcd by Donovan (iMadras) and by Patton 
(Madras) by means of lai<4c doses ran^^in^ from 2 c.c. to ^ c.c. of a thick 
('iiuilsion of inlcctctl material from the liv(.'r, spleen, or i>oiu-‘-man < . 
Wenyon inlc*cled a do<4 in London from a ease* of kala-a/ar from India, the 
virus bcine; alterwards succa/ssfullv passed throu^^ti four successive doi^s. 
I.averan inficled do^s with a cadlurc of Li'islniio iiio r/c//(>7v//// obtained from 
Row m India, by inliavenous and intrahepatic injections. Mackie, and 
Rnowles with Xajuc'r and Das (iiipta liave also infected do<^s with the 
Indian viiais. 

MONKKYS. 

Info Ilf Hr Kolo-ozoi, — Xicolle, Manceaux and Comte (Tunis) showed that 
monkeys could l)e rt*adily infected with the virus of infantile kala-a/ar. In 
these animals the disease may run a mild or a severe course. The 
s\'mj)toms in the monkevs aie more evident than in do^s. There may be* 
tever ot one or two weeks’ duration, alternatini^ with periods of apyrexia of 
the same leiic^th or loiii^t*!'. When the infection becomes seve*ie tlu* fever is 
more regular and linally eiives place to a subnormal lempeiature. d'he 
splec'U mav bt* miuh erdai<.(ed. Xicolle and M.mceaux have observed an 
exact reproduction of infantile* kala-a/ar in one of their experimental 
monkeys. 'Fhey also noted that the* virus in passing throu^j^h monkeys became 
more ami more* attenuatc’d, and liiey c‘onsideie*d that to preserve the strain 
in the kiboiate)ry it would be ne*cessary to keep it in cle)<.^s. Laveran and 
Pettit infected me)nke*ys and fe)imel that se)me e)f them acijuired a slight 
infection and e)lheis a fatal one*, d'hey alse) e)b>»erveel that se)metimes, as in 
the case of doj^s, the infection was a latent e)ne, and the parasites could e)nlv 
be dete*eted in the* oilmans by the eailtural method. 'bv/zer and Walker 
j)i()duccd i pure*ly local lesion by subcutrineous inocul.ition of a monkey 
with cultures of the Mediterranean virus. Marshall (Sudan) and Archibald 
(Sudan) infee-ted monkeys with the Sudan virus. 

Iiiilioii I'irns. — Row (Jhimbav) produced local nodules in monkevs by 
rubbiiy<4 the virus from a human kala-az.u splee-n into the* scaritied skin of 
monkeys, and also by injecting subcutaneously 1*5 c.c. to 3 c.c. of an 
emulsion from its subeailtuie. d'he emulsion tia)ni one of these niKluIes was 
inoculated into the skin of another monkey with the production of a local 
lesion. 1 1 was also injectt*d into a monkey intraperitoneally, ^ivin^ rise to a 
general infection. Korke perlormed similar experiments, lie found that 
subcutaneous inoculation sometimes gave rise to a local lesir)n in the skin, 
and at other times to a general infection. In some cases general and local 
infections occurred at the same time. Patton infected monkeys with large 
doses of an emulsion of a heavily infected splt*en of a kala-azar case. 
Laveran, working with the Indian virus, found that the nature of infection in 
monkeys with the Indian virus w.is similar to that produced by the Medi- 
terranean virus. Mackie infected a monkey with splenic juice of a case 
that died of kala-az.ir. Shortt (Assam) infected monkeys with the Indian 
virus from man and other infected monkeys, and in some cases he produced 
acute infection in the animals. 
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JACKALS. 

hi fivililc Kdhi-iizay . — Nicollciind Blaizot infectt^d jackals by intraperitoneal 
inoculation of an cnuilsion of the organs of an infected do^. 

ludiiin Kdlii-iizii ) . — Patton successfully inoculated the jackal with eimilsi(ui 
of a heavily infected human spleen. 


(ATS. 

In spite of many attcanpts with these animals no one has yet succeeded in 
infccUnc; them, 'riieic is a record of one case of a natural infection of a cat 
observed by the brothers Serpent, Lombard and (Juilichini in Al,^iers. 

MICK. 

Infiiii/ilr Kahi-iiztu . — Laveran and Pettit weie the first to infect mice with 
the Mediterranean virus. Vakimoff and Khol-Yakimoff infected mice by 
injecting cultures intravenously as well as intraperitoneally. Khitelli also 
infected mice by intravenous injection of the splenic juice from a human 
case. Laveran found that the infected mice became anremic, their spleen 
became much enlarged and their testicles showed sic;ns of de,i^eneration. He 
observed that the virus became more and more attenuated in ])assin^ throu.c;h 
mice, and that the percent<i<^e of natural recoveries increased with the sueces- 
sive |)assa^e of the virus. In certain experimental mice the intection was 
present even after a year, and in others tlie characteristic lesions were still 
present, though parasites could not be found. 

Indutn — I\*ow (Bombay) succeeded in infeclin,j4 mice with the 

vii iis obtained in the folhnvin^' ways : (i) From a local cutaneous nodule in 
an infected monkey, (2) from the spleen of infected monkeys, and (3) cultures 
of the virus. Laveran also made successful exj^eriments in mice with the 
Indian virus. Mackie infected white mice after intraperitoneal injection 
of the spleen juice of a boy who had died of kala-a/ar. Shortt produced 
heavy infection in a mouse with the Indian virus. 

KATS. 

Iiifdii/ilc Kdld-itzitr. — Archibald found them refractory to the Sudan virus. 

Iiididii Kiild (izdr. — I\atton infected a rat with the Indian virus. Cornwall 
and La k^ enais infected a rat by in jection of a culture of the virus, and another 
by oral administration of bread mixed with the culture. Wenyon infected 
white rats from an infected man. 

GUINKA-PKiS. 

lilfdidilc Kdld-dZdr. — Laveran and Pettit were the hist to show that these 
animals were susceptible to the virus of infantile kala-azar. They produced 
a mild infection in them. Franchini produced a fatal general infeclion in a 
f^uinea-pig by intraperitoneal inoculation with a culture very rich in parasites. 
Archibald found that ^uinea-pi^s were refractory to the Sudan virus. 
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liitlioii Kolo-ozuy. Oninca-pi.^s haver not yvt hern inlvctod with the 
Indian virus. 

RABBITS. 

Infoiitilc l\(il(i-(i::or. A'olpino siiccc^'^fiilly inoculated the cornea ol rahl)its 
hv scarilvin,<4 them and dej)ositinf][ upon them material irom the spleen ol 
a doo infected with the infantile virus. Rabbits have been lonnd retractor)' 
to tilt* Sudan \'irns (Archibald). Mantovani prodiie(*d a general intection 
in a rabbit bv intravenous injection of a enltnre of the iniantile virus. 

Iiiditui I\iilo~u I\*abbits do not appear to have bc'cn ini(*cted with the 
I ndian virus. 

FLYING FOXES. 

1'hese have been successfully inoculated by Mackie. 

HAMSTERS. 

I\\‘cent experiments by Smylv, YonipL^ and Hrown and Meleney have 
shown that hamsters seem to be very easily susceptible to inoculation 
with Lcisli luo n id donovoni. The virus did not become attenuated in its 
successive passage throu,i;h them. Meleney has shown that the infection 
progresses steadily in its intensity in these animals, and at the end of fifteen 
months the tissue of the spleen, liver, intestinal miu'osa, bone-marrow and 
lvmj)hatic inlands is replaced by macropha.i4es containing lA'islinumid. 

GKRBOA AND GEKBIL. 

Archibald infected them with the Sudan virus. 

It may be stated here that while many species of animals have been 
successfullv inoculated l)V the virus of Indian or Meditt*rranean kala-a/ar, the 
percenta<j:e ol successful inoculations to those which were unsuccessful has 
usually been small. This result has probably been due to the fact that 
experimental animals which showed no clinical manifestations of infection 
were not further examined by cultural methods. In this connection it may 
be stated that Short! has shown that out of thirteen moiikevs inoculated 
intrapei itoneally with splenic material, ten, or 77 per cent., became infected. 
All these infections except two were detected by cultural methods. In certain 
cases the infected animal may rcanain in ^ood health, and scanty leishmania 
are found on spleen or liver i^uncture and positive results obtained from 
culture of the liver or splenic juice for some time after infection. Subse- 
quently the liver or splenic juice showed no leishmania in film or culture. The 
condition has been termed latent leishmaniasis (Kiuiwles). In other cases 
the animal may show most of the sij^ns of acute or chronic human kala-azar. 
I\*ecent experiments seem to point out that the hamster, as stated before, is 
very easily susceptible to inoculation. and monkeys perhaps come next 

in order of susceptibility. Mice are more susceptible than rats, (jiiinea-pigs 
and rabbits are moie diflicnlt to infect. Cats, as stated belore, j^oats, calves, 
pi^s, have not yet been successfully inoculated. 



34 


Ka/a-. Iza?' 


\Vt* ^iw licrc ;i ^iiiiiiiiarv ol tiu* inoculation cxjXM iincnts with the viruses 
ot Indian as well as oi infantile leala-a/ar aiui their results : — 

(1) Siiheiilaneous injection of the Indian virus is followed by a IocmI or a 
,i4eneral lesion or both. 

(2) Intravenous, intrahepalic or intraperitoneal injection of th(‘ Indian 
virus is followed l)y a cieoeral lesion, but never by a local lesion. 

(3) Subcutaneous injection of the Mediteri anean virus may be lollowed 
by local lesions similar to those produced by the Indian virus (Xicolle and 
Manceaux, Ty/.zer and Walker). 

(4) Intraperitoneal or intravenous or intrahepatic injection of the Meditei- 
ranean virus is followed bv lesions similar to those produci^d by the Indian 
virus. 

(5) A monkey after recoverini^ from experimental infection with the virus 
of infantile kala-azar was found subsequently immune to infection with tlu* 
virus of Indian kala-azar as well as of infantile kala-a/ar (I.avtMan). If these 
observations of Laveran are c(U'roborated in futuie, then the lesults may be 
conclusivein provin;^ that Indian kala-azar is identical with infantile kala-azar, 
an attack of one conferriiyt^ immunity a;.^ainst the other. 

(6) Do^s are inoculated with dilliculty by the virus of Indian kala-a/ar, but 
with ease by the virus of infantile kala-azar. 

(7) 41 ie viruses of Indian and infantile kala-a/ar aie inoculable inlt) do<j;s, 
monkeys, white mice, rats and some other rodents. 

THE BIOLOGICAL RELATIONSHIl* BETWEEN THE DIFFERENT LEISHMANIA. 

It will be seen from what we have stated that more or h'ss identical species 
of animals iiave been successfully infected by tlu* Indian or the Mt*diteiranean 
virus, with the production of moie or less identical lesions with only shield 
minor differences. It appears that as our knowled;4e of the LiisJuiuiniii has 
increased, the identity of these two viruses has become more and more close. 
Laveran believed that it was no longer possible to doubt the identity of the 
two diseases. We cannot, however, lay much stress upon the value of 
inoculation expei iments alone in determinini^ the various s})ecies of Lrisliiiidnid 
found in man, for lA'is/midiiid Iropicit, which causes cutaneous lesions in man, 
may produce General infection in inoculated animals similar to what is 
observed in the case of the Indian and the Mediteiranean virus. The facts 
(j) that the virus of Indian or Mediterranean kala-azar mav ciive rise to 
piirelv cutaneous lesions in animals and occasionally in man, while Lrishiiiduid 
hopicd may produce generalized infection in experimental animals; (2) that 
the or<4anisms are morpholo^^ically indistiuLdiishable from each other ; and 
13) that they behave similarly in culture have led some observers to hold the 
view that Lcislnudiiui iropicd is only a variety of LeisJnudnid doiiordiii. If 
this view proves to be correct, then it may be concluded that Lrislmiifu id 
tropicd has adopted different conditions of life and tiansmission from those 
of the parasites of Indian or Mediterranean kala azar. 

On the other hand, the difference between oriental sore, one of the diseases 
caused by Lcis/mui ma hopicd, and internal leishmaniasis is so ^reat that one 
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cMiniol l):isc such a lar rcMcliin.c; conclusion, inconlL'st.iblv, upon the results ol 
these expei'inieiits. II, liowever, the parasite of oriental sore be specilicallv 
identical with that of kaia-a/ar, it must havt^ been att(Mniatecl in its virulence, 
tor kala a/ai’ is as fatal as (u ic iital sore is benign. Nicolle seems to have 
succeeded in producinj^ a ccrtaii] decree of imiimnitv to oriental sore and to 
kala-a/ar in ck^^s aiid monkevs by injecting them intra[)eritoneally witli 
cultures and infected material containin;^ the viiiis of the local and oi the 
iL^ener.d disease, though Patton records the case of a patient who contracted 
kala-a/ar aftei' recovery fi'om oriental sore. Jn support of the above view, 
it has lon*.^ been reco,i^ni/ed m India that in districts where kala-azar is 
common, oriental sore is rare. K*ecent work lias shown that this is also 
partially true tor the Mediterranean aiea. 

'Flu* position become'^ still more comfdicated from my tindin^s (1923) and 
subsecjiientlv those of others in whicdi it was found that patients after having 
rec'overed Irom kala-azar after antimonial treatment showed, after certain 
periods, skin lesions containin _<4 Lci'^hnutuiii iionovoni and at the same time 
showfd compk’te sterilization ol the internal organs. Still more recently, 
onl\- locai skin lesions containing Lcisli moiiid have been ol^served in some 
cast's, tanning fioiii certain kala-azar infected parts of Hernial, in which there 
was no previtms delinite history of kala-azar (Acton, (jiipta). If future 
observations prove that thest* are cases of infection by means of the virus (.)f 
kala*a/ar then the identity of !.('islnii(i iii<i donXiUini and Lcisliiiionio livpico 
becomes more and more close. .\I 1 these cases of dermal leishmaniasis 
including those described by me may be rc\c;ai (k*d as infection of the skin, 
observed in individuals in which the internal organs either have a natural 
immunity to mlection with L, lionownii or have accjuiied an immunity by a 
previous attack ol kala azar, c'ured (dtlier spontaneously but not recoi^ni/a*d by 
the patient, or cured after treatment with antimony. Or is it that these cases 
bear the same relation to kala-a/ar as vaccinia does to variola, i.e., the Leishman- 
Donovan bodies in passing throu.^h one vector K)se their virulence, while in 
passino throu^^h another rc-tain it, givinit rise i.*ither to a local bcni,c;n skin 
lesion in one ca-^e or virulent kala-azar in another. We hope that when tlu' 
tiansniission laoblem is solved, the identity or otheiwise of the Lcislnuouia 
found in inteinal leishmaniasis and in oriental sore will be solved. At present 
we may, perhaps, remain contented with the view that Gabbi put forward 
that the kala-azar of India, the Mediterranean, the Sudan, China and tither 
countries is always the same disease and “ there seems no reason t(^ 
sep. irate the Mediterranean Lcisli iiionid from that of 1 ndia " ( Wenyon) and 
that Li'islinidiiid infdn/imi as the name of a distinct species lapses in favour 
of Li'islnihtniit iloiioriiiii. 

“Attempts have bei*n made to diiferentiate the species of Lcislinuiiiiii by 
serological tests, the use of which for the separation of true species is ot very 
doubtful value. The most precise* statements are those of No< 4 uchi 
(i()24). Me employed strains of 1 .. ilonowiui, L. iiifdiilinn, L. Itopicd and 
L. hnisilieiisis, K^ibbits were inoculated intravenously on four occasions at 
five to seven-day intervals. TUv sera from these animals were then used on 
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cultures to test their a»4;e;lutinatinif power. It was found that in dilution ot 
I : 10, or even i : loo, the serum of the animals inoculated with A. donovaui 
atjglutinated this orj^anism and A. in/dii/um, but not the two others. Similarly, 
the serum from an animal inoculated with A ag^jlutinated (his or^^anism 

alone, and the same was true of the serum of an animal inoculated with 
A. hiuisiliciisis. From these reactions it appears (hat serolo^hcally the 
organisms tested fall into three groups, in conformity with the clinical types 
of disease produced. If the sera were added to the eulture media, they were 
similarly specific in changing the character of the growth ol the homologous 
organisms” (Wenyon, Pr^OTOZOOLOGY, ig 2 (>). 



CHAPTRR V. 


TRANSMISSION OF KALA-AZAR — PROBABLE MODES OF 

INFECTION. 

Thk mode of transmission of kala-azar is still unsettled. The develop- 
ment of tlie parasites into a Ha.t(ellated sta^e is undoubtedly an important 
part ol its life cycle, but it has still to be proved that this sla,^e is necessary 
for the natural Iransiiiission of the disease from one person to another, or 
from an intermediate' host to m.in, or that the development of the Ha^ellate 
sta,e;e in certain insects under favoural)le conditions is a positive si^n that thev 
arc to be lookt'd upon as the cairiers of the disease. 

1 he view that tin- problem of transmission has yet to be solved, though 
somewhat at variance with the view that “onlv expenincntal transmission 
fi'oin the sandtly would seem to be necessary to juove linallv the role of the 
insect in the transmission ol kala-azar" is also shared by Wenyon, who, 
in i() 2 (), in his PkOTOZOOLCKIV, remarks tliat “the problem still remains 
unsolved." 

The following modes of infection may be possible : — 

(A) Piicct itifccdou from mmi to tiuni tiiroih^Ji lesions in the skin, or hy the 
virus heino nieihnnienllx enrried bv nn insect from the skin of an 
infeeted iiutividnal. 

The tollowanc; lactors are to be remembered in this connection : — 

(1) Leishman-I )onovan bodies have been discovered in the papular erup- 
tions and scraj)ings from the ulcers in the skin in cases of kala-azar 
(Christophers). 

( 2 ) 'File peripheral blood of kala-azar patients ^^ives positive results in 
sm(*ars in a lari^er number of cases than w'as at tirst imagined, and in almost 
cveiy case when cultured on X X X medium. 

( 0 Fhe recent discovery of dermal leishmanoid by the author and 
t)thers makes it possible that the skin is the channel by which the parasites 
escape, or at any rate that they may reside in the skin, even when the internal 
or^^ans have been sterilized against the leishmania. 

All these make the cliance of skin-to-skin infection a possibility. A direct 
contact between the h(*althv and the infected at some unreco^mized stage of 
the dise.ise, when the parasites are present in the skin in largest number, mav 
lead to the infection, if ulcers or abrasions be present in the skin. 

Up to now there are no records id' any observation to show that direct 
infection of kala-azar from man to man has ever taken place. 
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(/>) The possihililv of h inismissioii by some iutermediiite hosts. 

(i) Flics and ollici* insects may nicclianically disseminate tlie parasites 
from skin to skin, by de[n)siti niLi; them on nU-ers, by bitine; with thc*ir month 
organs, by th(*ii fau’cs eontaminatini^ ulcerated or injured smlaees, oi' by the 
insects themselves bein,<j[ crushed on the skin (Patton). The insects may also 
infec't food by themselves, or by tlieir excreta, and therc’bv the virus may ,L^ain 
access t(’) the human body. Jn these modes of infection it is not necessaiy to 
assume that any further developmental clian^cs take place in tlie insect. 

(.’) Man may be iidected by the natural herpetomonad flaiit'llates in some 
of the ways indicated under (i). Tlie parasites mav }iass from insect to insect, 
freim man to insect, and then to man aiL^ain. 'fhe leish man i form sta^Lje 
in man may indicate that man is not a very favourable medium for the life 
of the parasite. 

(3) Insects may be infected by feedinj^ on the blood, fieces, urine, or other 
excretions of the infected man, or some vertebrate animal, not hitherto 
reco,<^mized as hai boiirini:^ the parasites, and then infect a healthv person. 

(4) Insects may absorb tlu* virus of the disease bv feedin.i^ upon the dead 
body of another host oi' on its excreta. 

The discovery of the development of lla.ciellates of the leptomonas type 
from Leishiiidiiid bearin<4 c'lose resemblance to natural insect ila^i^elkites ha•^ 
led to the conclusion that they are transmitted to man thron,e:h a blood-snckiiyc; 
arthroptid. Is it possible tint more than one blood-snckiiii^ insc’ct mav 
transmit the disease, and that the virulence of the virus depends upon the 
intermediary host through which it passes ? 

'file following gives an account of the expeiinuuital work on insects for 
the determination of the transmitting host. 

ddie tirst experiments in India in this connection were made bv Patton in 
Madras, in 1(107. Me used the following ins(‘cts : Cime.v lerfiibii ins and 
rolniulnliis, Pedieulus enpilis and ( i'nlex /nlij^dns, Anopheles slephensi, 
Ornifhoitorns Sdi'ii^n\n\ Sleiioniyin / 7 /gV//.s. Ap.irt fiom the lirst two, from 
tlu* work he published, it apjiears that he w.is only able to tind the parasite 
in the alimentary canal of a head louse, but it did not develop there. 
Kxperiments with the other insects led to negative results. 

linos. — In the case of Cinie,i- leelnldiins ;i\\d rolnmidlns^ Patton found that 
tile parasite develojnal in a manner comparable only to its ckrvc‘lopment in 
aitificial culture media. 

When the bugs were allowed to suck the blood from a patient suffering 
from kala-azar, he was able to find the parasite in the alimentary canal of 
the bug, in all stages of development up to the flagellate form. He found 
that on the second day the Leishniduia increased in size, the two nuclear 
masses became denser and showed signs of division. 

Flagella* were then formed, or the two nuclear masses divided, until a 
rosette stage was produced. Later on, the single flagellate forms divided by 
longitudinal fission, producing ovoid and s})indle-shaped forms. The ovoid 
and spindle iorms which resulted from longitudinal fission then produced 
thin irregular-shaped bodies, 'idiis occurred on the third day after the blood 
had been sucked by the bugs. Growth continued until the fifth day, and 
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:iftc*r this only tla^cllate forms to be seen. Patton thinks it possible that 
the ovoitl and spindle-shaped bodies can be produced by the rosette form, 
and that the elongated fia^ellate parasites develop from these. 

Donovan repeated these experiments in 1909, but he did not obtain the 
same results, althou^^h he allowed the bu^s to feed on paticmts who had 
numerous Lcisliimtind in their peripheral blood. After ten days he was unable 
to observe any chaii;4e in the Lcislinidiiiii in^(*sted by the l)u^s. He was 
not satisfied with this result, so he set out to find “a blood-sucking^ insect 
which, unlike the bu^, is not uluquitous, but contined in its distribution 
to rei^ions where kala-azar is |)revalent." Ide thought Coiiorlii mis riibro- 
/(isiidiiis was such an insect, ibit lie was not able to eftect transmission 
of the parasite by means of this. 

In repeatin, <4 his experiments in 1910-1 i, l^atton found that when Lcislnumiid , 
from a patient with leishmaniasis, had develo[’>ed in the alimentary canal 
of a biu^, and the bu^ was then allowed to suck blood a second time from the 
same* [latient or an infected monkey, the flagellate forms, which had already 
begun to appear, were destroyed. 

I^atton obtained the development of Li'isliiiidiiid domriuiui up to the 
tlagellale stage in the alimentary canal of Ciinc.v Iccinldiiiis, fed on kala-a/ar 
patients, at t(*mpc*ratures which weie most favourable for artiiiciril culture's. 
Ht‘ studied the changes in the post-llagellate stage and came to the conclusion 
that the small ovoid bodies which were formed weie the infective agents, and 
j)robably these were regurgitate'd from tlie stomach ol the bug in the process 
of sucking the blood. 

Wenvon looked njH)n these e.vperiments as showing that the stomach 
of the bug may in a cc‘rt<nn nu'asure act as a culture tube for the parasites, 
ddiev may develop therein, but this does not prove that the bug is the real 
intermediary host. 

J^e[K*ated experiments made by the author to find Leishman-Donovan bodies 
in the stomach oi bed-bugs caught in tlie beds of j^atients suftering from 
kala-azar in his wards in the f'alcutta Campbell Hospital always failed, though 
lu' examined several hundieds of such bugs. Similar negativi* results were 
obtained by Kranchini. Mackie found that 815 bugs, caught in the bedding 
of kala-azar patients and 588 labonitorv-bred bugs fed on kala-azar patients 
and injected into monkevs after being crushed gave negative results. 

I\*ecently, an entirely negative result was obtained by the Kala-azar 
Commission, India, on several occasions where bugs were fed on kala-azar 
cases. The experiments of Shortt and Swaminath, also of Xic'olle and 
Anderson, prove that bed-bugs are not vectors of kala-azar. 

Attem[ds to infect citrated rabbits’ blood in test-tubes by causing bugs 
infected with cultures of Li'ishnidiiiti ilondi'dui to bite through a membrane 
c-onsisting of rabbits’ skin have given negative results, as shown by culturing 
the blood on N N N medium in wliich no flageliates could bt* developed. 

Regarding the period during which infected bed-fuigs show Li’islinidiiid in 
their stomach t)r remain infective, the following observations were made : — 

Cornwall, and La Krenais showed that the flagellate form of LcisJiniduid 
iioiiovdni could live and multiply in the alimentary canal of a bug for at least 
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twenty-nine chiys after ingestion of a culture of Lcislniiaiiia (louorditi, if fed 
on rabbits’ blood. 

Patt(Mi and Rao fed bugs on regularly arranged cultures of Lcishnuuiia 
on N N N media. Tliey found they could subculture LcisJniuiiiin from the 
middle portion of the gut ('f one of the bugs at the end of thirty-one 
days. In the case of another experiment they found they could subculture 
JA'hhniiiuiii from the posterior portion of the gut thirty-four days after the bug 
had been fed on the culture. When the bugs were allowed to suck blood 
after they had been fed on culture, it was possible to breed l.cisliiiKinid from 
the middle portion ol the gut, forty-one days later. It therefore seems likely 
that the parasites can live in the bug lor a long time, and one mav perhaps 
assume that bugs are actually the hosts of k.ila-azar parasites. It must, how- 
ever, be remembered that according to Patton, La Kreiiais and Rao, other 
flagellates can also live in the bodies of bugs for many days, e.g., Lcptoiiioiins 
piiliciSi Cri/Jiiiiid ciciioccphali and Ih'ifrlonioiids Jiiiiscdnim, 'J'he last mentioned 
can live in the body of a bug at least forty live days. 

An observation has been made by Mackie, who found that the bugs fed 
on kala azar spleen juice were infective to mice foi- seventeen days if the 
intestinal contents of such bugs were injected into the mice intraperitoneally. 
Shortt also lound that white mice could be infected intiaiperitoneallv b\ 
bugs which contained Lcislundiiiii, nine days after feeding on a kala-azai 
patient, 

Mrs. Adie, from her observations, thought that she found that a Leishman- 
Donovan body taken in by a bug actually penetrated the walls of its stomach 
and there developed, much in the same way as rat try[)anosomes in the 
flea. It appears, however, that this process was only observed by her in 
dead bugs, where obviously the cells behave differently from those in the 
living organisms. Patton has confirmed Mis. Adie’s work, but it is still not 
cert.iin that in the living organisms the paiasite takes up an intracellular 
position. Patton thought that tlu‘ importance of CiniiW as the invertebrate 
host of Lcislinidiiid was proved by these experiments. 

Patton's more recent opinion was that the infection in the human subject 
was not caused by a bite, but by the bug being crushed against the skin. 

In luN experiments on bugs fed on Lcis/inidiiid cultures, Cornwall was quite 
unable to recognize any intracellular stage. He thought that the “ thick- 
tailed ” stage was merely an abnormality, which had no place m the regular 
life cvcle of the parasite. He also suggested that the time had come to make 
a diligent sc^arch for some cai rier of the disease otlier than the bug. 

More recentlv Mrs. Adie wrote that she found the p.nasitc^s in the salivary 
glands and ducts of a specimen of Cimr.v ro/muldliis taken from the* bed 
of a kala-azar patient. She therefore thought that the disease was transmitted 
bv the bite of a bug. According to Christophers and Shortt these parasites 
were not Lrishnidiiid at all, but were organisms belonging to the species Xoscind. 
Similar organisms are also found in Ileas (Liston, Shortt). 

Patton’s hypothesis of the transmission of kala-azar by bugs is therefore 
not yet proven. 
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CoiioiJiimis nihrofdscidtus, rc/^nrcl to CoiiorJiimis nihro/ascid/its, 

negative rtisults were obtained by Donovan after feedin^^ them on kala-azar 
cases. I^itton found no evidence of development of Leislininnia in tliese. 
Cornwall found the common s[)ecies refractory, even when fed on cultures. 
Kecent experiments by tlie Kala-a/ar Commission, India, have also given 
negative results. 

Tlie facts regarding the bug theory may be summarized as follows : In 
tavour of the theory are : — 

(d) The developmental stages of the parasite in bed-bugs. 

{b) The peculiar sporadic nature of the disease tending to be limited 
to liouses. 

(( ) Greater prevalence of the disease^ in insanitary localities where 
bugs are likely to be more common. 

ddie following are the objections against this theory: — 

(d) The deyelopmental forms may bt* observed in test-tubes under 
lavourable conditions. l^Jevond the developmental forms of the 
parasite being present in bed-bugs, there is no further experi- 
mental evidence that bugs are carriers of the disease. 
ih) It is doubtful whether bugs are more common in houses of rural 
areas in Bengal and Assam than those of towns, but the disease 
is more common in the former places. 

(i ) All houses in an endemic area are not alfected, though bugs may 
be equally prevalent in all of them. 

(</) 'Fhere is no known cause for bugs to become more infective 
liom time to time, and thus to give rise to epidemics. 

(c) No case of infection has been delinitely establislied in hospitals 
where kala-azai cases aie treated extensively, though bugs are 
present in them. 

(/) The geographical limits of the prevalence of the bed-bug are 
much greater than those of kala-azar in the provinces of India. 

(g) Kala-azar patients may constantly come from endemic areas of 
India into other districts where the disease is unknown. Despite 
the great frecjuency of bed-bugs the disease has gained no foot- 
hold there. 

I\ect*ntly, Shortt, I^ari aud and (Jraighead h.ive observed that Coiioi himis 
iiihiofdscidhis in various stages of development, led on cases of kala-azar, 
yielded t)n search no developmental forms of Lc’islinidiiid i/ouordiii. 

IJii'. - Experiments with lice [I*, cdf^itis and /^ loiporis) have given only 
negative results. Mackie examined 1,172 body lice and 1,170 head lice taken 
from kala-azar patients with negative results. (S:;() crushed body lice and 
1,130 head lice from the same source were also injected subcutaneously into 
experimental animals with negative results. 

F/tYi5. When Nicolle discovered canine leishmaniasis shortly after 
human leishmaniasis had been recognized, he assumed that the latter origin- 
ated from the former. Me maintained that the Lcis/inidiiid found in human 
beings and in dogs were identical, although he had no certain proof that they 
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were. 'Pile experiments by whic'li he tried to tr.insmil the disease from one do^4 
to ai]other by means of licks, Ileas and mosL}uitoes were iinsnecessl’nl. 

Hasile made several investigations to determine the relationship of dogs 
to human leisinnaniasis. He condneted his investigations on the following 
lines: (i) Attempts at infecting fleas with human LcisIniKtnid and healthy 
dogs by means of infect<‘d fleas; (2) study of the Lcisli nia iiia in fleas. In 
i()i 1 he announced that he found that dog fleas fed upon splenic juice of 
kala-azar patients developed cultural forms of the |>ai asite. 

In the gut of fleas taken from infected dogs organisms wcae found 
which lit* thought were LcisJutinnid, because they showt'd flagellate and non- 
flagellate forms reseml)ling those of l.cisliniauui iionoiumi. Howevei , it did 
m)t oecur to him that tlie ordinary parasites, Lrf^ii^nioii^is ni Piihw si rr^ificifs 
[clciiocephali) and irrilaiiSf wei e indistinguishablt* from flagellatt* and non- 
flagellate Lcishnuiniii. He further made the following experiments : {ii) He 
kept dogs, found to be free from /.tishiniiiiiij by examinatitin t^f the bone- 
marrow, shut up with inft‘cted dogs and waited to see if the former 
became infected, (h) He took fleas Irtim inft'cted dogs and allowt'd them 
to bite young dogs, whose bone-marrow had i)r(*viously been examined 
microscopicMlly and found to be free from lA'isImicinid. Tlu* young dogs 
became inlected. He thought that by these experiments he had established 
his hypothesis that fleas were the* cariiers of the disease. 

In the first series of experiments he obtained positive results in nearly 
every case. Almost every dog lu‘came infected. However, in similai 
experiments peilormed by Massaglia, Marshall, Wenyon, Pereira da Silva 
and Gal^bi, negative results weie always obtained. Theii* experinu*nts, 
especially those of Wenyon and Pereii a, were carried out with greater accuracy. 
In addition to making microscopical examinations of the bone-marrow, thev 
made certain that no parasites were present by examining cultures made from 
It. Pasile, in his extieriments during 1910-11, neglected to do this. 

In the second series of experiments, Ikisile was also successful, but 
Wenvon, Mai-shall and Pereir.i da Silva, who repealed the experiments unck*r 
more careful conditions, obtained negative results. Sergent, Lheritier 
and Lemaire were successful in only one experiment of this kind, ddiey 
took a bitch who was considered by them to be free from Lcislnium in on 
microscopical examination of hei' liver tissue, and tiansfcired eighty two fleas 
from an infected dog to her. The animal was suliseqiiently found to be 
infected. 'Phe fact, however, that they assumed that there was alisence of 
Lc'islminnin in their experimental bitch before the fleas weia* fed on hei, 
simply on the evidence furnished by mici'oscopic examination of the liver 
juice, throws doubt on the accuracy of the result which thev obtained, foi- 
absence of Lrislnnniiin can only be determined with certainly when a culture 
is made. In some cases v here dogs are actually infected, no parasites aie 
found in the liver in smears. Much importance cannot, therefoia*, be 
attached to the results of this experiment. 

In later experiments Ikisile claimed to have found flagellate foinis of 
Lcislinutitlii in the human flea. Besides, he took fleas fiajin infected childicn 
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and dojL^s, and injected tlieir intestinal contents into do^i^s wliicli had been 
re^wded as liealthy on the evidence provided by microscopical examination 
of their bone-marrow. He thon^dit that he obtained positive results. 

I’ereira da Silva, however, repeated these experiments and obtained 
ne^^'itive results, though he had been able to recognize organisms with 
llagelhe resembling Lcislimoiiia in the gut of the fleas which he used. His 
results are summarized as follows : — 

(1) He found organisms like Lcisliiiuuiia in fleas when they had been 
allowed to feed on healthy dogs erroneously thought to be infected. 

(2) 'riie intestinal contents of a PiiUw iniiaus taken from a child suliering 
from kala-azar, and containing flagellate parasites, were introduced int(.) a 
health v dog without producing infection in the dog. He had undoubted 
pi oof (bv means of cultural examination of the bone-marrow) that his 
ex]K‘rimental dogs were originally healthy. 

(3) Twenty-live fleas {Piilcx inihins) which were shut up for iorty-live 
d.ivs with a dog suffering from severe leishmaniasis did iu)t become infected. 

Ikisile thought that the following experiments provided further support 
for his hvpothesis. He took the intestinal contents from tleas which had 
been feeding on infected dogs, and which contained j>arasites of the same 
tvpe as Lt'isluiidiiio, and injected them into the abdominal cavity of the 
mice. He tibtained positive results. Laveran and iManchini, however, using 
int(‘stinal contents fiom fleas containing natural herpctomoiuids, were also 
able to infect mice in the same way. 'I'liey found non-llagellate parasites 
resembling Lcishnuiuid in the tissue fluids of the mouse. 'I'hey also 
succeeded in infecting dogs with the natural her|)el()monads of insects. 

Hasile still contends that the flea is the transmitter of kala-a/ar, but it can 
do so onlv when the requisite conditions of tempeiature and also perhaps 
atmospheric humiditv exist. He says that the authors that have met with 
negative results did not pay attention to these during their experiments. 

It is well to rcmeml)er that Hasile himself produced no evidence that tin* 
flagellates observed by him in the fleas were either than natural flagellates ol 
these injects. 'I'he negative results of other observers may have been in large 
part due to their excluding such natural flea infections. Moreover, the 
percentage of leishmania-iniected fleas discovered by Hasile corresponds very 
closely with the perceiit.ige of naturally infected fleas in kala-a/ar-free 
countries, so that the inference is that the flea flagellates supposed by him 
to have developed from the Lrislimaiiiti were really nothing more than tlu* 
natural flagellates of the fleas. 

The following additional facts stand in opposition to the theory that the 
flea is the transmitting agent of infantile kala-azar: — 

(1) Piilc'x irri/diis and scrni/iiLfs do not become infected when fed on 
c ultures of Lcisliiiidiiid. 

(2) 'rhe intestinal flora of the flea is an unfavourable medium for the deve- 
lopment of LcisJuuduid (Scordo). The ordinary intestinal bacteria inhibit the 
development of Lcislnudiiid dotiovdtii in pure culture (Spagnolio). 

(3) The parasite lias been found in the peripheral blood-istream of man. 

-1 
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If, thcMcfurc, tlic coinnion to man arc llic carriers of the disease, one 

would expect it to be very much more wides[nead tlian it is, both amon^^ men 
and do<4s. 

(4) Infected dc^^s are liardly ever found in houses wliere cliildren have 
contracted kala-a/ar (Gabbi, l)i Cristina, Ihilvirenti, Spa^nolio and otliers). 
In fact, st)me of tliese families do not keep a do^ at all. 

(5) infected with Uashmaniasis are sometimes found in disti icts and 
towns where kala-a/ar has never been (deserved. 

(6) Cases of kala-azar are often observed in households where the doi^s 
are not infected with leishmaniasis. 

(7) In certain towns and districts, few children and many do, 4s contract the 
disease (Tunis and Algiers). In Catania, Messina, Palermo, Athens, and 
Pyraeiis this proportion is reversed. 

(S) In one family a numb(‘r of children may beconu' infected, but a space 
of a vear or more may intervene between the occurrence ol each new case. 
The new cases do not occur untd the old ones have quite recovered. 

{(.)) If the disease was transmitttal by tleas infantile kala-a/ar would occur 
most frequcaitly in sumnu*r and autumn, wlum the fleas are common and 
active. The fact is, that it occurs most frecjiiently in winter and sprin,^ whc'ii 
fleas are rare and hai'dly bite at all. 

These facts suffice to condemn the theorv of the flea as carrier of the 
disease. It must also be added that so far no clear proof has been jmt forward 
that tile lA'ishiniUUii found in dogs are the same as those found in human 
beings, ddie experiments ot Scordo, Moldovan and (bugni show that it is not 
only in their biological reactions that the two p<irasites differ, but when grown 
in the same nutritive medium the human and caniiu* viruses ck‘Velop in 
different ways. (Wenyon, however, holds that in the present stage it is 
better to considei- the two jiaiasites as identical.) 

M osijiiilocs, — hdanchini fi)und that Anopheles ol the einrioer \ariety would 
fetal on cultures of Leishnuinin and retain them in the gut for seveial days. 
From this he concluded that this insect might be a carrier of the disease. 

He claims that there must be some condition ol the gut of Anopheles 
mnenlipennis and Culicida*, including Ste^foinvin /nseidln, which favours the 
development of Leishninnin . 

He jKMformed a number of experiments in C.itania. He allowed lli(‘ 
aiiojiheles to feed on the spleen juice of children suffering from leishmaniasis, 
and was able to find luimei'ous parasites in the gut eight days later, d'hese 
re>eml)led Leishinnnin in degenc’rate and rosette forms. Most of those which 
he found w(‘ie non-flagellate, but he found flagellate forms in one mosquito 
aftei' four days, whereas he never observed these in mosquitoes which had 
not fed on spletm juice. He tried to show that the development of these 
bodies had much in common with that of Leishninniny although in some 
stages the similarity was not always easy to perceive. Gabbi, howevc-r, has 
shown that Franchini’s assumptions are cjuite unjustifiable, because the 
infantile form of the disease is most prevalent in January, February and 
March, when very few nioscpiitoes are in existence. 
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vScorclo, on (i;ibbi’s rccominenclation, tried to test Kranchini's results by 
very careful experiments. He observed that Lrislininiiid found in spleen 
juice never developed flaji^ellales in the stomach of moscpiitoes. 'I'his was his 
crucial experiment. Besides, Scordo found rosette bodies, which Franchini 
called LcisJnnanid, in mosquitoes which had never fed on infected spleen 
juice. 

Mackie examined jhh Cttlcx sp. and iS A iiopJu’U's fed on patients with 
nei^ative results. 

In the author’s opinion further investigations in this connection are 
desirable. 

Iloii^sc-flirs. — Uj) to the pres(Mit time there is no evidence to incriminate 
these as carriers. Lt'islmidiiid are cpiicklv destroved in them. 'I'liey have, 
however, been found by Laveran to carry Lcisli iiid ti id hi^piid mechanically 
with their win^^s and leij^s. 

Other Possit)lc l\\lors, — Ticks liave .ijivcn ne.c:ative results (Donovan), 
'riu* Kala-az<ir Coiumission, India, examined a number of Surroplrs with 
iK\L;ative rt*sults. Ankylostomes, S/i oiiiiyloidrs, leca'lies, have all ^iven negative 
results. 

OTHKK CHANNELS. 

(A) In feet ion tlironAi Ifi(' Intestinnt Irnet. 

The peculiar endemieity ol the disease in the Sudan and its limited 
r‘pidemic nature as iirsl established by Archib.ild, make it possible that the 
disease* may be* a wate*r-borne one, the* water being contaminated with c:ysts 
Irom infected arthroj'iods. 'Fhere is the additional fact that the disease, as 
observed by Archihalel, e*xists more comme)nlv in villages situated near water, 
than in those further awa\’. 

Archibald and others ha\'e turther succeeded in infecting monkeys by 
teeding them with emulsions of virus. 

(heig and Christophers record a case in which a positive result was 
obtained “by the injection of infective matter into the lumen of the intestine 
in a monke*y, but the result is not conchisixa* as, in spile of all j)recautions 
takt'ii, iniection by the* needle track cannot be* absolutely excluded.” 

'Idle tact that in the early typlmidal stage of the disease there is a positive 
Widal reae'tion in many cases, as in typhoid or j^aratyphoid, suggests te) the 
.luthor that the eliseasc mav begin as a mixed infection in the intestinal tract. 
The* preseaice ol J.eisiinidnid in inteslin.il ule'ers, and the* recent confirmation 
ot this by l\*rry, pro\'e that the p.ir.isites may be voided in tlie stoeils, anel 
directly contaminate* drinking water, 'riie parasite's may thus be take'ii iq) bv 
water. It is, howe\'e*r, only ve*ry rarely that the t.eces contain Feishman- 
Donovan bodies. Mackie t<)und some suspicious bodies in a smear of the 
i.eces, and Critien also leiund the presence of Leishman-Donovan bodies in 
the* mucous stools ol a ease sutieiing Irom k.ila a/ar. (naierally spe.iking, the 
examination of the f.'cces gives onlv negative results. Further research sheiuld 
be carried out in this direction, in view of the fact that Short! has recently 
found Leishnidnid in the urine of kala-azar patients, which makes it possible 
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that the urine may also contaminate drinking water. It must be remembered 
tliat tlie parasite quickly dies in soil or water. 

Recently Christophers, Shortt and Harraiid have observed that the oral 
administration over a long series of cultures of Lrislniiiniid donovaui failed 
to infect tame mice, with one exception, where a fallacy may have been 
intF'oduced. 


(H) Infection lliionoli Intestinal irinj//s. 

Hitherto there appears to be no evidence lor this possibility. No 
developmental forms (^f the Leishman- Donovan body have ever been 
discovered, either in the embryo of A nkylosloniii dnodenale or the adult 
worm. Animals injected with the embryos have given negative results. 
Whether their ovaries may be infected by an undetermined phase of the- 
p.irasite should be investigated, as well as the behaviour of othei parasites in 
this respect. 


(C) Infection from Contaminated Soil. 

The soil m«iv be infected with tlie stools, urine, or other excretions contain- 
ing Leislimania from an infected individual, and subsequently infect a healthv 
individual, through an abraded portion of the skin, like infection in the* case* 
of ankylostomiasis. Hut this method of infection is very unlikely, as 
Leislimania die c|uickly in the soil. 


(D) Infection hy Inhatation. 

ddie chances of infection by inhalation of substances containing /.r/.s7////^////V^ 
must be very unlikelv. 


It is possible, as Archibald suggests, that some insects may harbour an 
undiscovered phase of the parasite which may infect their ovaries and bring 
about a hereditary tiansmission, or that it may be found coifore in some 
cold-blooded vertebrate host. 

iMcCombie Young lias suggested that perhaps the solution of the problem 
of transmission may be found in an explanation which combines gross ficcal 
pollution of the site and a life-history of the parasite in some coprophagic oi‘ 
coprozoic vector, or at any rate in the conditions which attend life in an 
unhygienic environment. 
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CHAPTER VI. 

TRANSMISSION OF KALA-AZAR — coiliiniiai. 

TIIK ROLE OF THE SANDFLY IN TRANSMISSION. 

Knowles, Nafier and Smith have observed tliat females of PJilcbotonius 
fed upon the blood of kala-azar patients showed lierpetomonad 
forms in their ^uit. Extensive researches have been carried on in this direction 
bv tile Kala-a/ar Commission, India, and the following is a summary of the 
latest findings of Shortt, Harraiid and Craighead of that Commission regarding 
the development of Lcishnuniia donoiunti in sandflies. 

(.-I) The Intcrvitl from the Jiiilitil Feed up to the Secoiid Feed. 

If a sandflv {Phlcboiomtis iiri^eiiUpes) is fed on the peripheral blood of a 
kala-azar patient and is kept at a temperature of 28'' C., the following series of 
changes are observed . — 

Anv variation of more than i'-" C. or 2 C. above or below this temperature 
acts adversely on the length of the life of the fly. 

If the fly be dissected at the end of the first twenty-four hours, a few 
hcipetomonad parasites, singlv or in small groups, may be found. 

At the end of forty-eight hours after the initial feed, some flagellate forms 
are present, but these are as a rule not fully developed. The forms seen are 
in many cases sluggishly motile, siiowing a swaying motion with little attempt 
at translation. Division forms are common, if not actually tlie predominating 
form. 

In dissections, made sevenly-two-hours after the initial feed, a new phase 
of developnu'iit commences, characterized by the presence, for the first time, 
of elongated free-swimming forms of flagellate. Besides, there is an increase 
of all the flagellated forms previously present. Multiplication is evidently 
very active. Eor the first time there may be seen the initiation of rosettes. 
The free-swimming elongate forms appe.ir to be endowed with an intense 
vital activity, capable of carrying them into any situation penetrable by 
bodies of their bulk. There is at this stage usually a general diffusion of 
tlie parasites throughout the midgut. By the end of tlie third day there are 
present in the gut of the fly. although in comparatively small numbers, most 
of the stages of the flagellate which are seen up to the eighth or ninth day. 

'rhe stage arrived at by the fourth or fifth day after the initial feed of the 
fly is one of intensely active multiplication, until the gut becomes a seething 
mass ot active flagellates with a veiy distinct bias towards the concentration 
of tlie flagellates in the more anterior parts of the midgut. 

At the fifth dav, before a second feed has been take n, a very large number 
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()1 tl:i<4cIlaU"s may Ik* loiiiul iii any situation in the inid^nt ; ln.*si(]c‘s, tliere is 
almost invariably a well-marked tendenev lor tlie aeenmnlation of the bulk of 
the flagellates in the more anterior parts ot the mid^ut, and especially in the 
nai row portion t xtendin^ backwards through the thorax Irom the postta ior 
margin ot the proventricadar told. Another situation in whicdi a c*on- 
siderable aeenmnlation may lake place is posteriorlv near the re<4ion wheia* 
the Malpi.j^hian tulnik-s open into the aliment, irv canal, 'riu-y sonudimes 
ascend the Malpii^hian tubules and tlie diverticulum, and comparatively 
lar^e numbeis, but lu^ver masses, may sometimes be tound in the intestiiu* 
as far as the anal openiiii^. 

'riie jL>reatest development ot tlajLiellates is at or near the extreme anterior 
end of the mid^i^ut. 

'idle tla.ciellates in this situation are arran^tal in palisade formation, ottim 
many layers deep, around the emtire circumference of the proventricidar 
fold. Tlie nrowth in this situation may form a phl^!L^^ blockin.L( up most 
of the lumen of the j.i;ut. ddie lla^ellates coin[iosin<4 the phij^ show a 
j^eiieral antero-posterior orientation. In an unusually intense infection it 
is sonudimes tound that the flai^ellates have penetrated through tlu* com- 
paratively constricted (esophagus and have invaded the ph.irynx, sometimt*s 
in considerable numbers. On the lourth or fifth day attei’ the initial feed, the 
tly will have laid its lii st batch ot eggs and will be readv tor a sec'ond tt*ed. 

(B) The hiicnuB from the Second Feed to the Fiiihth or Xiiith Doy. 

If the tly be examined on the day after its second teed, ted on the same 
case which supplied the lirst meal, or on an experimental animal, it will 
be found that once a massive infection of the (‘Xtreme antei ior end ot 
the midgut has been established, there is a progressive extcaision forwards 
of the massive growth ot flagellates in the posterior extremity ot the pharynx. 

The diverticulum, whicli enters the (vsophagus, may be invaded by 
numerous tree-swimming llagellates, and .it a latter stage there may be a moic* 
massive growth at its (esophageal end. 

In the earlier stages ot the invasion of the j)harynx by a massive growth, 
its posterior extremity is tilled up by a dense growth ot llagellates, from which 
trc‘(*- swimming elongated forms are given oil antcaioilv, and these show a 
decided tendency to swim forwards along the graduallv narrowing pharyngeal 
lumen. As time proceeds theie is a continuous extension forwards of the 
massive growth in the jdiarynx, until the lumen of that organ becomes blocked 
with a solid plug of more or less stumpy flagellates. Throughout this 
process there appears to be a continual setting fr(*e of elongate forms 
anteriorly. These tend continually to carry the infection in an anterior 
direction and Jiiay be the infective forms. 

When the main mass of flagellates filling the lumen of the* pharynx has 
reached the junction between th.at organ and the buccal cavity, it 
apparently finds in the somewhat angular junction of the two cavities a very 
favourable situation for the formation of an extensive growth. 

From the free anterior extremity of this growth numerous elongate 
free-swimming forms may be seen to break off and proceed anteriorly as 
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lar forw.'ircls ;is tlu" Hiittnior extremity ol the biiccjil cavity, close to tlie 
c( )mmeiic'em(‘iit of tlie hitiii.L; month parts. The sta^e is arrived at i)v llu* 
s(‘\'en(h or eii^hth day aflta the initial infective t\‘ed, and tlie second, third, or 
touith aftcM* the second feed. 

II tlie preparation from tin* extrndefl contents of the lumen of the j^nt lx* 
now examined, it will be found that the* lla<4ellat(*s of which it is composed 
show a vei v i^rc'at prt*jx)nderance of the elongated types. 

'This type is />/// i vrrlU'iict' the wandering Ivpe ol lla;.^c*llate. It is the form 
which ,^ives to the tresh pr(*])arati(m an appearance of sec‘thin;^ motility. 
1 'his is also the predominant type that forms the* L^reat bulk of the tlagellates of 
the compound rosette* masses often found in the midjL,nit in h(*avy infections. 

In the preparation made from the mit wall itself, the vast majority of the 
tla.^ellates seen aie of the short stumpy form. 

Still more* recently, Shortt, Harraiul and Craighead have noticed massive 
miection of the buccal cavity in a sandtlv, which liad rec'eived only two 
tec'ds, and was c'Xamiiud on the ninth dav aftei the initial feed. The 
infection extended forwai'ds in an unbroken column throuehout the length of 
the pharyngeal and Iniccal cavities until it reached the mouth proper, where 
the* biting appendages took origin, the most anteriorlv jdaced flagellates 
extending even beyond this situation to a position distal to the salivary 
})mnp. It consisted chicllv ol c*longatc'd flagellates, especially in its most 
anterior jxuts. It appears that the intensity of infections, and the extent 
of tlic‘ii dc‘velopmc‘iit, in any ca<e dc*pend, other factors being uniform, on 
the initial numbci of paiasites ingested from the peripheral blood, as well 
as on the time which ela{oes since the initial feed. 

'bhe same obsei vcis have also found that the () bodies of K*ow might be 
produced in the midgut of the sandfly, after a second or subsecjiient feed. 

Thc*y consider that tlie course of events in artilicial cultures of Jlcifc- 
fomoiids donovdiii in X X X medium is an accurate recapitulation ol the* 
natural course* ol development in the sandtlv P/i/iho/oui iis di 

Normal I V, the adult female sandtlv takes its lirst blood meal on the second 
dav after pupation, copulation takes place immediately and oviposition on the 
lifth or sixth day, the fly dying immediately afterwards, and the larvae 
usually feeding on the dead body of the mother subsec^uentlv. The ova 
11*111011* a very high degree of humidity, almost saturation in fact, but the 
piip;e do not ; the* imago, ho\vevc*r, again recpiires a high degree* of humidity. 

d'he lact that the greater majority of fed female flies die after oviposition 
on the fifth or sixth day would seem to militate* against the insect being 
the true vector of kala-a/ar ; but it has been shenvn by Shortt, Ikirraud 
and Craighead that the main factors in inducing oviposition with continued 
lite of the fly, in PJilcboiouins dii^ciitipcs bred in captivity, are a tempt*rature 
of 2S ’ (^, with upward and downward variations of ne^t moie than i ’ C. to 
2^^ C., and an accurate adjustment ol the degree (>f humidity. Cnder these 
connections a considerable number of fed female flie*s survive after 
oviposition, and feed a second and even a third time. 

We have* given above a summary of the most recent work of the life history 
of the parasite of kala-a/.ar in the sandfly, liy Christophers, Shortt and Barraud. 
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A short comparison of the infection of Plilehotoiiius argent ipes by 
Leishmania donovani, Cleiiocegliahis cauis by Herpetomonas ctenocephali and 
of tlie tsetse-fly by Trxpanosoma gatiibieiise is given below ; — 


Infected insect | Wrection of infecuon in the alimentnry ' Infective forms 

Sandfly infected by L. j Fonc tirds from llie midijut till it Xo infective cystic forms have 
(loiiiy.'iiiii ' reaches the mouth pntper vet been discovered 

i'U’iioi iplhtliis cdiiis infected lutikirtii ils till the rectum C'vstic (rl i ifective forms are pr<»- 
bv Ih'i f'ctoinmids (/< ;/(!- intensely iniected baldy eat n up by la-v:e whicli 

PCf^Jtiili therein- 1 .‘cnnie infected 

'I'selse lly iniected by Tlie p^>^leri(^r portioiuii tlie mid- \t) cvslic i 

.s('///ff i^iiinhicusi l^ut is iniected and subsee|uenlly 

the sali\arv inlands are iniected 


'rhe problem of transmission of kala-azar by means of sandfly is still in an 
unsettled sta^^e. The following points may be noted in this connection : — 

(1) There is as yet no evidence of hereditary transmission of the infection 
from one sandfly , generation to the next by direct infection of ihe sandfly 
oynm in sitii. 

(2) d'liere is no evidence of infection of the larv;c by their feedin;^ on the 
bodies of their m(.)thers. 

(3) I^c^gardiiyij the possibility of the infection lakine place thioiht^li bites of 
infected sandflies, the latest leportof Short!, Ikirrand and Crai,^head (n;-7) 
keeps the position unsettled, as seen from their following remarks : — 

“Sixty experimental animals, subjected to ](S„| bites from .1 minimum of 
152 Phlcboloiuiis (irgi'iilif't's known to be infected with Ltisli mniiid doiiormii 
have in no case developed kala-a/ar. The presumption is not that Phlcbolomns 
(irilcutipcs cannot transmit the discMse by it^ bite, but that the expeiimental 
animals used were* not sufliciently susceptible to Lcislnnaiiiii (lojionijii to 
become iniected, except as the lesult of a moie intensive exposure* to 
infection than that lo which they were* subjecle*d in the luesent experiments. 

No sini^le human volunteer lias so far been infected by the bites of even 
heavily infected sandflies in any of Shortl’s experiments. 

In October, 1926, Short!, Barraud and Craighead ^i^ave an account of the 
occurrence in nature of a Plilcbolojiiiis aroi'iifipi's infected with a fla, Reflate 
morj)holo^^ically identical with Lrishuumid liouovdtii. The flv was cau^^ht 
in a house at Bakktiarpur, near the Pusa Estate in Bihar. 

Kecently it has been observed that very rarely Lcisliindiiid donovdm may 
undergo development into flagellates in PJilcbolomiis pdpdidr^ii/Awd it has been 
shown by the workers in China that they could develop in the mid-gut of 
Phlcbotonius iiidjor. (See Addendum.) 

The fact that Phlcbolonius dy^cniipes has been discovered in the city of 
Bombay (McCombie Young, 1927), the meteorological conditions of which city 
seem to approximate to those of many kala-azar infected places, appears to go 
against the theory of the possibility of tlie transmission of kala-azar by this 
bandfly, as no undoubted case of kala azar has been reported from Bombay. 
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CANINE LEISHMANIASIS~ITS RELATION TO HUMAN 
LEISHMANIASIS. 

Nicollk trit-d to find the interiiu*diate host of the virus which attacks 
Imiiian bein^^s. He turned liis attention to domestic animals found in towns, 
chiefly cats and doLfs, because he thought that it was in towns that the disease 
occurred most frequently. 

He was struck by the fact that children sufferin<^ Irom kala-a/ar had often 
c'ome in contact with do^s. He examined some of the do^s which he thou.^ht 
were* alTected, and found parasites of a similar form to those found in children 
altected with kala-a/ar, in the spleen, liver, and bone-marrow. lie therefore 
assumed that leishmaniasis in the human subject originated from canine 
leishmaniasis. 

in order to substantiate this conclusion, he decided to examine the 
dogs which had l)een killed in the slaughter house in 'I'unis. He found 
(March, Ajirii, May, four dogs affectcxl with leishmaniasis, among the 

222 dogs which he examined. Xina and \V. L. Vakimoff examined 2q() dogs 
in 'runis from January i to May 23, and found five affected with leish- 

maniasis. Nicolle’s discoverv led the brothers Sergent to follow out canine 
leishmaniasis in Algiers. From July 15 to Octobei' 1 they examined 125 dogs 
and lound LcisliiiKniid in nine of them. There was a difference in the percen- 
tage* of aflected dogs in Tunis (1*8 per c:ent.) and Algiers (7*2 per cent.), although 
in Algiers only a few cases of kala-a/ar occurred. According to Nicolle 
this dillerence was due to the fact that the investigations weie made at 
dilferent times of the year. Sc-nevet confirmed this opinion. He examined 
twenty-three dogs in spring and in summer. In the hrsl group r6 per cent, 
were aflected, and in the second <S*8 per cent. Gray, repeating the experiments 
in 'runis between October 16 and December 5, found only two dogs which 
weie aflected. 

Basile repeated Nicolle’s investigations in Bordonaro, where Gabbi had 
discovered an endemic area of kala-azar. He found that 71 per cent, of the 
dogs were affected with leishmaniasis. This, however, was not all. Whereas 
Nicolle had only been able to confirm the simultaneous outbreak of kala-a/ar 
in children and dogs in a few cases, Basile found that in almost every house 
where a child w*is affected, a dog also had the disease. 

On the other hand, Spagnolio, who had studied all the cases of kala-a/ar 
in Borch^naro for four years, did not find, even on a single occasion, a child 
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cind .1 cl();4 simultancoiislv allcctcd. Many laiiiilics in winch a child was ill 
had no d()<4 at all, oi* il thc*y had one, it was absolutely healthy. 

( hii<j;ni, usin^ expcM'iinenlal piinc*tui c* ol the liver as a inode ol i n vest ii^al ion, 
was not siK'eessliil in his search loi parasites in healthy do.J^s taken lioni 
houses where a child was ill. 

ikisile lound 27 per cent, of tlu* do^s in Rome atlect(‘d, whilt' human 
subjects weie not affected in proportion. Salvatore made microscopic and 
cultmal e.xaminations of the bone-man ow of ten do^s, and did not find any 
of them affected with leishmaniasis. 

Pulvirenti examined eighty-five do^s in Catania, during the months of 
February, Maich, April, 1910. None of them were affected. 

In October, November and December of the same year he examined 185 
do^s ; of these only three had leishmaniasis. I^into in Catania examined 
165 do^s ; of these only four were affected. 

In Malta in April and May, 1910, Critien examined fifty-two do^i^s and 
found the parasite in seven. l>abin,C;ton lound it in one out ol ei^^ht ch '.S'- 
examined. Wenyon also found infected dogs in Malta. 

In Athens, from December, i()io, till May, k^t i, Kardamatis found nineteen 
out of 284 dogs affected with leishmaniasis, and in Pyraeus fifteen out of 184 
dogs had the disease. In another report he collected the obstavations made 
on 589 dogs which he examined in the course of the year (December i(}io-i i ). 
Of these eighty-one had leishmaniasis (13*8 per cent.), 'khe infection reached 
its greatest intensity during the months of June and July. 

Sangiorgi examined 310 dogs in Turin ; only one of them appeared to be 
infected. (Kala-a/.ar has hitherto never been observed in 'rurin.) 

In Hydra Lignos found eight dogs affected out of foity-eight whic h he 
examined. The infection was most marked in the summer. 

Alvarez and Pereira da Silva examined 300 dogs in Lisbon ; nine of them 
appeared to have the disease. Dschunkowsky and Lubis found one case in the 
neighbourhood of Elizabethgrad, 

Di Cristina and Di (fiorgi in Palermo found only two dogs infected out of 
1.000 which they examined. 

\V. Yakimoff and N. J. Schockhor ex.imined 6.17 dogs in Taschkent and 
Samarkand in April to September, 1913, and found 157 suffering from 
leishmaniasis. In this district the total number of cases of kala-azar found 
amounted to thirty-one, of which twenty-seven were children, and four, adults. 

More recently similar observations Inive been made in Marseille's (Pringaiilt 
and others), Teheran (Nelgian), WYst Africa (Lafont and Heckenroth) and 
Sardinia (Sotgin). No case of kala-azar was ever observed in these places 
in a human being. 

In Hamburg Fiilleborn examined fifty dogs ; none of them were infected. 
In Haghdad Wenyon examined 110 dogs and found none of them infected. 
In Gallebat (Egypt, Sudan) Housfield found an infection resembling th<it of 
leishmaniasis in the spleen of a dog. 

In India, Patton, Donovan, Row, Mackie, and many others found that no 
dogs were infected with Lcishwaiiia. Recently, however, Avari and Mackie 
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have found Liis/nnaiiiii infection in a do<4 from Hoinbay, and another from 
the Punjab. 

In Madras, Donovan examiiu'd 1,150 do^s, I )nn()van and Patton _%0()o do|.;s 
without lindin,^ any inlected. Maekie examined 93 do^^s in Nowgon.i* (Assam) 
aiul Wc'iivon 250 doi^s in C'olomlx) with similar ne^i^ative results. Row also 
^^ot negative results in P>ombav, exce[>t that cjiiite recentlv he obsei va^d a case 
ol cutaneous leishmaniasis in a dojj;. 

Labbe, Taiclu'ta and Ameuille, as well as Prin^jault found detinite cases oi 
infantile kala-azar in the South of 1 ^'rance. Labl^e^ 'rarcheta and Ameuille, 
found splenic tumours, and chani^es in the bone-marrow of the house do^ in 
one of tli(‘ families where a child had kala-azar. However no parasites 
were to be found in the do<4. Prini^ault found that canine leishmaniasis 
occurred in Marseilles. 

Relation of II lima II lo Ciiiiinc Lcisliinaiiiasis . — Our knowledge with re^^ard 
to tlu* above may be summarized as follows: — 

In do^^s the infection reaches its <4reatest intensity in the summer, whilst 
intantile kala-a/ar of the Mediterrane.m occurs at the end of \vinti‘r and in 
the sprini^ ((hibbi). liesides, there is no obvious parallelism between human 
and canine leishmaniasis. 'Hus is es|)eciallv the case with Indian kala-azar, 
as in India very r.irely leishmaniasis has been observed in do,i4s, even in the 
most heavily-inlected re^^ions. 'Phus, Maekie tound that tin: microscopical 
examination of the spleen and bone-marrow of over one hundred do^s selected 
trom k<da-a/ar villages in Assam did not reveal the presence of Lcisliniania 
in any of them, in the author’s experience there is no connection whatever 
between do, 14s and kala-azar as it occurs sporadically in difleiLnt parts of 
Hen^^al, because very rarely does one lind any association between do/^s and 
inlected individuals, Pven in the case ol Mediterranean kala-azar, though 
in the region w'here intantile kala-azar occurs, tlie natural infection of do.^s 
IS not uncommon, yet there is ^reat irre<4ularitv in the distribution of canine 
leishmaniasis and infantile kala-azar, and it is only rarely that do^s surfer in 
houses in which human beings are infected. 

On the other hand, do^'s may be infected with infantile and Indian 
kala-azar as w’ell as with canine leishmaniasis by experimental inoculation, 
ddiev may also be infected by subinoculation. Do^s infected with experi- 
mental canine leishmaniasis display close resemblance as rei^ards symptoms 
and patholoj.;ical lesions to the disease brought al^out bv experimental 
inoculation ol doi^s by Leisli mania donovani (Laver.in). d'lu^se experiments 
tend to show’ that canine and human leishmaniasis iiiav be due to one and 
the same parasite. 

“The important ipiestion arises as to whether the naturally occurring 
dise<ise ol dogs is due to Lcisliniania ilonorani or to some other species. 
The disease produced in dogs by inoculation with the parasite from human 
sources is identical with the natuicd canine disease, while the organism from 
the canine disease is inoculable to aniiiuds, w’ith results similar to those 
which result from inoculation of the human virus. 

“ In the present state ol knowledge, and lack of absolute proof of the 
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method of transmission of the disease, it is belter to consider all the various 
systemic diseases in man and dogs as due to one parasite, Lcishniania 
doiiovani. It is hardly necessary to again remark that morphologically (in 
smears and ciil lures) the parasites from the various sources are identical. 

“ Though it is admitted that the human and canine diseases are caused by 
the same organism, this does not mean that the dog is to be regarded as a 
reservoir of the virus. Some have maintained that in Italy the disease 
necessarily passes Irom dog to man, but so many cases occur which cannot 
be associated with any infected dog, that it would appear that the infection of 
the animal is as much an accident as the infection of the human being. Areas 
occur in which, apparently, only dogs have the disease, while in others only 
human cases are known. It is claimed, however, by Hasile (1916) that in 
Bordonaro, in Sicily, wheia* a high percentage of naturally infected dogs 
occurred, tin* extermination of these has led to an almost complete disappear- 
ance of the human disease. ” (WVnyon.) 

Xicolle and other investigators repeatedly examined t‘ats, but nevi*i- found 
any sign of the disease in them. Sergent, Lombard, and Ouilichini found 
l.cisJunania in a cat in one case, and this w«is in a house where a child had 
leishmaniasis. 

In India (Madras) I^itton tried to tind Lcishnuiuiit in many other different 
animals, vi/., mice, cats and rabbits, goats, monkeys and jackals, but with 
no result. 
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CHAPTER VIII. 

HERPETOMONIASIS AND LEISHMANIASIS. 

A srMMARY of sonic ol tlic work pcrlormccl the connection 

between lierpetomoniasis and leislnnaniasis is i^iven below : 

HtM'petoinonad tlaijellates have been found by vai ions investigators in 
insects and in vertebrates. I would refer to the work of Patton, Marzocclii, 
Xbllei', Kanthani and IN)rter, Alackie, Ser<^ent, Short! and others, d'hey have 
been found in d(\c; tleas, hiiinan fleas, rat fleas, A iioplu'/i's, culex and bugs 
among insects, and in mice, lizards and pigeons among vertebrates. 

Magellates of Li isluihi tud have been found in the smears taken from certain 
eases of cutaneous leishmaniasis (Rabagliati, Mongo, Kscomel, La Cava). 

Many invi^stigators have tried to discaaver whether it is possible to infect 
vertebrates with the flagellates which occur naturally in insects. 'Thry have 
arrived at divergent results. Wenyon was reallv the tirst to work at this 
problem ( 1(^07). He tried to infect rats with flagellates taken from tabanus, 
but he met with no success. 

A series ol e.xperiments performed by Laveran and Kranchini, showed the 
jiossibility ol inh*cting mice with flagellates found in different fleas, AnoplicU'Sy 
riilcholi'iiiiis, house“flie^ and Mc/of^lidoiis. Subsequently Kantham and Porter, 
woi'king with the flagellates which occur naturallv in Xcfd chicrca, 
L (111 is, Slnitioinyid Lhanulecu , Pc'iliciihis vcsthiicnli, (ierris 
piiliuiinu and CiiUw pipiens, were able in a number of experiments to infect 
fishes, newts, lizards, toads, Irogs, mice and birds. On one occasion they 
succeeded in inlecting a snake. In this way they were able to induce acute 
and chronic lierpetomoniasis in vertebr.ites. Leishmania-like and flagellate 
lorms ajipeared in their tissues. The organs most affected were the liver, 
spleen and bone-marrow. 

Laveian and Kranchini, as well .is Kantham and Porter, have described 
the trequent occurrence ol uninucleate parasites in their experimental animals 
.iltei' inoculatitm. These investigators obtained the same result with feeding 
as with inocul.'ition experiments. 

If these observations receive confirmation then it is possible that 
leishmaniasis m;iy be an insect-borne lierpetomoniasis, and the natural 
herpetomonads of insects may become pathogenic to man. 

Other investigators, however, have repeated these tedious and exhaustive 
e.xperiments, and Hoare, Short! and Biichiier, among others, have been unable 
to conlirm the above results. 
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Hoare's expeiinients, in which he used Cri/hidid niclopJia^ia (TrvpimosofUii 
uicIophn<liuni)f a Ha^cllate employed by Laveran and Franchini in many ot 
their experiments, llci pclonionns Killiphonv and llcrpctouiouas /dciilimi were 
quite unsuccessful, 'fhe vertebrates which he tried to infect were mice, hshes, 
li/ards and frogs. 

Short t also obtained negative results. His experiments were even more 
exhaustive and complete*, l)ecause he made cultural investigations in order 
to determine the presence of infection with 1 1 crpctoiiioiuis cicnoiCpJuili and 
llcrpciotuouns liu ihv. The following is eiuoted from Shortt’s paper 

“The lirst point wliich one has to consider is what constitutes an infection 
with fiagellales. The mere introduction into an experimental animal of a 
given tlagellate and the subsequent recovery of that flagellate beha t* it has had 
time to be destroyed bv the tissues or body fluids of the animal do not 
constitute proof of an infection. To constitute the latter there should be a 
true invasion of the organs, tissues, or fluids of the host by the paiasite, an 
invasion which is able to maintain itsedf for an aj)preciabk‘ period of time 
with multiplication of the parasite, and which should be demonstrable by tlu* 
recovery of the parasite by microscopical or cultural methods, preferably the 
latter, as being less liable to error in the case of positive results. d'o 
demonstrate such a true infection lyy microscopical or cultural methods, 
these should only be applied some days after the last iniecting feed or 
inoculation, in order to avoid the possible recovery of the })arasiles which were 
originally introduced. A large percentage of tlu* (.*xperimental animals 
employed by Laveran and Franchini, and by Fantham and l*orter, W(‘ie tound 
to die as a result of infec'tion with flagellates, and yet in many ol these the 
parasites found post mortem weia* comparatively fe w in number. Xow, in 
the majority of proto/.oal diseases death is not caused except by the presence 
at some time or other of large numbers of the causative parasite, and we 
know that in kala-azar the presence in the body of very large numbers oi 
parasites may be c|uile compatible with the continuance oi life for a 
prolonged period. 

Laveran and Franchini especially, but also Fantham and Porter, make 
mention of the frequent occurrence in their infected animals of uninucleate 
foi ms of the flagellates. What are these uninucleate forms? Do thev 
represent a new stage in the life historv of these flagellates, or arc* they 
some organism having no connection with the parasites being experimented 
with ? . . . It is true that in cases of true leishmaniasis, and even in insect 
gut forms, one may see what appear to be uninucleate forms, but it is almost 
certain that these are merely due to unfavourable orientation of the parasite. 

“ Franchini and Mant(n’ani’s experiments with H cipcioiuoiids luitsciv 
(lonicsticiV yielded at least one result wliich is quite incomprehensible and for 
which they advance no explanation or even excuse ! They state that blood 
from a rat infected with these herpetomonads vielded in culture Linaplasma ’ 
forms, 'riiese forms inoculated into two mice gave rise to a herpetomonad 
infection. Do these authors suggest that the anaplasmata are stages of 
herpetomonads ? 
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“'Pile next poini one lias to consider is tlie larije number of positive results 
recorded by Lav^eran and iMancliini, and by I'anlliam and }*oiter. d'lie latter 
authors, as alreadv pointed out, ,^ot about 85 per cent, of positive results. 
'riuA’ used in th(‘ii' experiments, amoiijLj other animals, martins, fro^s, loads, 
lish, and li/aids, all animals whose natural diet is largely if not entirely 
ins(*ctan. Other of their animals, siudi as sparrows, live largely on insects at 
certain times of the year, especially durin^^ tlie summer months. If, then, 
such animals were so easily infected, and so often succumbed to infection, 
how was it possible to obtain controls, since these also must have swallowed 
many insects harbourin;.^^ flagellates ? How, indeed, do any of the insecti- 
vorous animals, mammalian, avain, leptilian or amphil)ian, continue to exist ? 

“ The most disappointing feature in the whol(‘ record of experimentation 
with insc*ct fla^Liellates seems to me to be the small use which lias been made 
ot modern cultural methods ol detecting flagellates of the type used in these 
experiments. 

“ In the whole ol l^'antham and Porter's woi k theie is no single experiment 
whiMe the [Positive microscopical lindin^s were controlle d by positive cultural 
results, or even attem[')ts to obtain such, and t‘ven Lavtaan and Franchini 
until vc*ry recently made little use of cultures to crontirm their findings, Fntil 
i()i() they record no successful culture made from their inoculated animals. 
In tiiis year they obtained one positive result from a mouse infected by a 
culture of 1 ! cifctomonits ('UiuHCpIuili. in spite of this success thev do not 
seem to have uscal cultur.d methods in subsetjuenl experiments, if we except 
their procedure to ged pure cultures of 1 1 ci pe/omoinis Jdni/iijn. d'he^e were 
obtaiiu'd by inoculating mice intraperitoiUMlly with gut contents of Xepa 
( iiidi'd and then making cultures from the liver. These cultures weie pre- 
sumablv obtained for [uoduc'ing infections with pure cultures of H opcioiiioiiiis 
jiu'ulmu, but no such subsetjuent ex}Ka'iments were recorded. Hoare, 
Chatton and Xfiller, who used c'ultuial methods to supplement microscopical 
examinations, got iiniformlv negative results.” 

1 have alreadv discussed how far experimental evidence goes in favour of 
fleas transmitting kala a/ar to man from infected dogs, and have shown the 
conflicting results obtained by different observers. If, however, the natural 
tlagellates ol insects are likely to be converted into Lcislinuiiiid, it then becomes 
possible that human leishmaniasis, some forms of natural canine hdshmaniasis 
and some other lorms of insect llagellosis, mav be due to one and tlu^ same 
proto/oon. 
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CHAPTER IX. 

CLINICAL VARIETIES OF INTERNAL LEISHMANIASIS OR 
KALA-AZAR.- COURSE AND SYMPTOMATOLOGY 

I'NTll. leccntlv it was lliou^hl tJiat Indian kali-azai' and ^JL■ditc^^alU‘an 
kala-azar were two distinct diseases because it was believed that : — 

(1) It was possible to recoj^nize diHerences botli in tlie pathogenic action 
and biological reactions of the two parasites. 

(2) There were definite, though sli,c[ht, diiferences in the clinical pictures 
of the two diseases. 

(3) There was a difference lietween the ages of tlu‘ patients aifected in India 
and in the iMcdilerranean countries. 

On the other hand, many workers, including Leishman, Xicolle, Piaiiese, 
Laveran, Castellani, Kho and others supported (kibbi in the objections which 
he raised in i()0<)-io. Me showed that : — 

(1) 'Idle two forms of Lrislmiunid (Lcislitiin uid donovnni and iiijiiiiliim) 
have the same morphological, biological and p.ithogenic characteristics. At 
the London International C'ongress of Medicine and Hygiene in 0)13, 
Laveran and Nicolle expressed their agreement with him. 

(2) 'Fhe clinical [HCture and the pathological anatomy arc* idc'ntical in 
Indian kala-azar and Mediterranean kala-azar. 

F>oth in the Indian and Mediterranean forms of the disease, complications 
such as intestinal infection (caiteritis, <S:c.), diseases of the respiratory 
passages (bronchitis, broncho-pneumonia, pleui itis and tuliei'cnlosis), urinary 
system (nephritis and inflammation ol the bladder), and nervous systc-m 
(meningitis), arc observed. 

(3) It is not true that in Mediterranean countries only children suiter 
(lom internal leishmaniasis, 'Fhe disease has certainly been observed in 
adults in these places, although it does not occur so frequently. (Archer, 
Philipps, Babington, Bassett-Smith, Christomanos, Gabbi, Lucei and Basile, 
Kalatschnikoff, Gourko, Petrow, Mikoforoff.) In Asia, too, the number of 
adults infected does not always much exceed tiie number of children. 

In India children frequently become infected, and in a few provinces in 
C'hina it is children that mostly contract the disease (Cochran, Jerusalemy). 

There exists, therefore, no distinction between Indian and Mediterranean 
leishmaniasis. 

Although the parasites of the kala-azars appear to be morphologicall)' 
identical, and there is much similarity in the symptomatology of the two 
lorms ol the disease, yet it is convenient t(; study them clinically apart. 
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I. KALA-AZAK OF ADULTS. 

Tlic incubation period of kala-azar of adults is said to range from tliree 
weeks to several months. In one of Manson’s cases the time between the 
arrival of the patient in an endemic area in India and the onset of the fever 
was under ten days, or more correctly, as was subsequently pointed out by 
l^ow, twenty days. In one of the authoi’s cases the incuI)ation period was 
not more than one niontli. 

In artilicially-infected dogs the disease may remain latent for months, and 
in monkeys the incubadion period is about sixty days. Shortt has recently 
been able to demonstrate the Leishman-Donovan bodies in smears from the 
liver in im)nkeys thirty- nine days after infection. 

It was suggested by Sprawson that the incubation period in some of his 
casc*s in Mesopotamia was two years, or even more. 

d'he premonilory symptoms of the disease are indelinite. In a huge 
majority of cases the disease begins like typhoid fever. In another class of 
ca^es there is liistory of intermittent attacks of fever, with or without rigor, 
cpiotidian for some lime and later on becoming irregLilar. In a third class 
there is a histia y of attacks of low fever with slight }>yrexia from the beginning. 
In a fourth class which is, however, rare, there is no previous history of 
any cKlinite att.icks (jf fever, but the spleen becomes slowly and steadily 
enlarged. In a iiftli class which is also rare, the patient gives a historv of 
gastro-intestinal troubles with dysenteric or diarrheeic attacks, followed by 
(edema of the legs and attended from time to time with ague-like attacks. 

rile disease mav sometimes be clinicallv divided into three stages : — 

(1) ddie stage of initial ty]>hoid-like fever. 

(2) The stage of secondary low fever or ajyvrexia. 

(3) Idle stage of cachexia. 

kde(|uently these stages are not sharply marked oil from each other, 
and the typhoid-like pyrexial attacks of the initial period may gradually 
become less severe until they merge into a period of apyrexia or chronic, 
low, irregular fever followed by waves of high rises of tempei ature, and sooner 
or Liter cachexia supervenes. Most of the cases begin with symptoms like 
typhoid fever ; the next in frequency begin like malaria. 

Accurate statistics aie not available to show the percentage of different 
modes of commencement of the dise.ise. While in many cases it commences 
like typhoid or paratyphoid fever, in others it begins as remittent fever 
with double rises of temperature during twenty-four hours, constituting what 
has been termed double remittent fever. In others it begins like malarial 
l(‘ver, with intermittent attacks of fever from the very beginning. In these 
malarial attacks there may be sometimes single rises of temperature during 
twenty foui* hours, and sometimes double rises of temperature with single or 
double intermissiems. 

Some of the sporadic cases observed by the author in very early stages 
of the disease in the Calcutta Medical College Hospitals bore a strong 
resemblance to typhoid fever. The blood showed a partial Widal reaction 
(1 in 40). In these progressive leucopenia was frequently observed fiom 
5 
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week to week. Tliis wiis imicli more marked Ilian in an ordinary case of 
typhoid and was very suggestive of the disease, the diagnosis of wliich was 
subsecjiiently confirmed by positive tlagelkite culture from tlie blood and by 
very rapid cure after administration of a few doses of urea stibamine. 
Double infection of kala-azar and typhoid or paratyphoid fever is not un- 
common. In these cases there maybe positiv^e Widal reaction (i in loo or 
more), and there is a positive culture for flagellates from the blood, the patient 
showing definite symptoms and signs of kala-azar after running a course like 
that of ordinary typhoid or paratyphoid fever. These cases of double 
infection may lead one to believe that infection with viruses of both the 
diseases might take place through the intestinal tract. Or is it possible that an 
attack of typhoid fever precipitates the appearance of synifitoins of kakua/ar 
in an individual who mav be harbouring tlu* Lcish nui n iii in a latent stage for 
.Some time ? 

From the very beginning the spleen is enlarged to a greater degree* than it 
is in typhoid or malaria, d'he livei* is also enlarged from the beginning. 
After the subsidence of the initial stage and the coincident amelioration of the 
geneial symptoms, there is a diminution in the size of the spleen and the liver 
in some cases, while in others they go on increasing stt'adily, 'I'here is (*ilher 
apyre.xia during the second period, or probably more frecjuently the patient 
gets a low intermittent type of fever of which he is unconscious. Sooner or 
later after this period of aiwrexia there is another lebrile attack, and the patient 
again begins to suffer from some of the types of fever to be presently described 
which may again be followed by periods of apyrexia. Kxacerbations of high 
fevt'r alternating with apyrexia or low fever occur in the course of the disease. 
These exacerbations may render it impossible to lix a delinite si*cond stage of 
the disease. After six months to a year the fever may assume low intermittent 
type which may continue until the end, or it may give way to an attack of the 
remittent type of fever which may terminate fatally, as has been noted in 
st)me cases. 

Kigors and sweating have been observed, especially in cases of the malarial 
type. The terminal stage may be a})yrexial, especi.dly in debilitated and 
emaciated patients. 

Ill the initial stage of the disease anaemia is not a marked symptom, but 
a> the disease becomes established amemia with a marked and progressive 
ieucopenia is a characteristic phenomenon. Anaemia is not generally so 
marked as in infantile kala-azar. 

Frecjuently the Ieucopenia is out of jiroportion to tlu^ amemia, and a 
characteristic blood-change may be observed which will be described 
later on. In some cases, however, the amemia may be so j)rofound that this 
characteristic blood-change is not present. 

As tlu^ disease advances there is a progressive emaciation with cedema 
of the extremities, the latter somelimes appearing early in the course* of 
the disease. Ascites may be present. I'liere may be hremorrhages from 
mucous membranes or under the skin. Epistaxis and bleeding from the 
gums are common. Ihematemesis and mehena may take jdace. Women 
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frequently suffer from anienorrlia*;i. There may be menorrhagia. Abortions 
may occur in pregnant women. 

The duration of the disease is variable. It may run an acute, subacute or 
ciironic course. The duration in chronic cases may be two to three years, 
or even more. In one of the author s cases the patient suffered for more than 
live years. On the other hand, the disease may run an acute course and 
terminate fatally in one or two months, or, moie rarely, after a few weeks. 
These acute cases are generally found in places where epidemics occur and 
during their prevalence. 

The cardinal symptoms of a fully established case are : Great enlargement 
of the spleen and enlargement of the liver, emaciation, cachexia and frecpiently 
(edein.i, irregular pyrexia with tendency towards a double rise during the 
twenty-four hours, aniemia with progressive leucopenia, tiie latter being in 
several cMses out of |)r()portion to the former, abdominal symptoms, especially 
dysentery or diarrh(ea, tendency to luemorrhages and cancrum oris. 


Symptoms oj Kald-nztir of Adults considen'd ni Dctdii. 

Tlu‘ types of fever. These are as follows (see charts) : — 

(1) Intermittent pyrexia, with or without rigors, of a quotidian type, the 
paroxysm rarely appearing at the same time every day, but more frequently 
showing antici]iations or retardations (tig. 3), 

(2) Irregular intermittent pyrexia, with or without rigors, which may 
continue for months or pass into any of the other tyi)es (hg. 4). 

(3) Double L|uotidian pyrexia with two intermissions during twenty-four 
houi s. There* is a rise of temperature towards very early morning, followed by 
an intermission before T2 a.m., and a second rise in the evening, followed by 
an interinission before i 2 j'j.m. The heights of the temperature in these two 
rises are not necessarily equal ; they may or may not be accompanied by 
rigors (tig. 5). In some cases this tyj)e of temperature may continue through- 
out the whole course of the disease. 

(4) Double quotidian jyvrexia with a single intermission during twenty- 
four hours, ddicre is a rise of temperature towards very early morning, followed 
by intermission as in (3). There is a second rise in the evening, which is not 
followed by an intermission but by a remission before 12 p.m. l>oth the 
above types are fretiueiUly interchangeable or merge into one another 
(tig. ()). These double rises of temperature may be continued for months. 

(5) Intermittent pyrexia with irregular periods of apyrexia. 'Fliis is one of 
the common types t)f fever in this disease and may be continued for months. 

(()) Kemiltent pyrexia, with a course similar to typhoid (fig. 11). After 
three or four weeks of illness the patient gets an intermission, and feels 
better for a vari<d:)le jieriod until the recurrence of fever. In some cases the 
remittent type may take on an intermittent tvjie after some days, before a 
complete apyrexia comes on. 

(7) Double remittent jiyrexia. There is a rise of temperature towards 
very early morning, followed by remission before 12 noon. There is a second 
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J'k;. 4. Irri'i^iihir iiilcnnitk-nt pvrcxia. lOi 

II should be noted that a double rise of tenipe:'ature williin twenty- 
four hours with a single or double intermission, continuin;4' for manx nioiilJis, 
does not occur in malaria and is a clear indication of kala-a/.ar. 

Chills (Hid Rii^ors . — Rigors are not uncommon in the type of the disease 
whicli resembles malarial fever. There may be two or even three rigors in 
twenty-four hours, but as a rule there is no periodicity in these attacks. 
Sometimes there is a chillv sensation at the beginning of the fever. 








Synip/oma/o/ooy 


Xcrvoiis vSvs/i’///.— PIcaclaclu* is :i variable symptom but not so severe as in 
typhoid, and is more often noted in early than late eases. 

Delirium may be present in tlie initial typhoid-like sta.^^e of the disease, and 
also subsultus tendinum and earpholoijy, but they are rare. Fits resemblin^i^ 
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Ku;. -All aliiinst arvrexial course of kala-a/ar. (Orii'mal.) 

those of tetany, epileptiform convulsions, delirium or coma, are met with 
occasionallv, shortly before death. Generally speaking the mental condition 
of the patient is quite clear throughout the course of the disease, and even 
in the high lever of the early stage. 
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Gns/ro-intcsfinal Symptoms. — The tongue is usually clean, even in the eaily 
sta|4es of hi^h fever, and the patient has a remarkably ^ood appetite, even 
when the temperature is hi^h. In some cases, though the appetite is good 
the digestion is bad, or the patient dislikes his food as soon as lie begins 
to take it. In other cases loss ol appetite is a troublesome symptom. Nausea 
and vomiting are only rarely present, even in the malarial type of the 
disease. Constipation is more frecpient than diarriuca in the initial stage. 




In some cases diarrhcea or dysentery is a persistent symptom throughout the 
maj(jr part of the disease. I.cisluuaiiia dysentery may occur, but is rare. 
Amcc'bic or Ixicillary dysentery is a serious complication in the terminal 
stages. There may be hicmatemesis and more frecjnently inekena, apart from 
any cirrhosis of the liver. Meteorism is not a common svinptom of tlie 
disease, even during the stage of high remittent fever, and this contrasts with 
what is observed in typhoid fever. 

The Shin . — In many cases the skin assumes a peculiar glistening and stretched 
appearance, with an earthy-grey colour. Dark pigmentation of the skin is 
neither so frequent nor so marked as the name of the disease would signify, 
especially in the sporadic cases that are met with in Bengal. In dark 
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skinned people the skin of the forehead, the temples, and around the 
mouth may be more deeply pit^mented, but this sign is frequently absent 
or diflicult to recognize. In some cases, liowever, darkening of the skin is a 
prominent symptom, especially in the later stage of the disease. This is 
especially common in Assam. The hair is apt to be dull, dry and brittle, 
and may fall out. (Edema of the extremities, especially the lower, is some- 
times observed early in the course of the disease, and in the late stages theie 
may be general anasarca. 
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Various forms of skin eruptions are apt to distress the patient. Painful 
ulcers, wherein the Leishman-Donovan bodies may or may not be found, 
may be present. There may be lucmorrhages under the skin, especially in 
the late stages of tlu* disease, and if they occur early in the course of the 
disease the prognosis is bad. Pemphigoid eruptions may also occur. 

(h'ucval Appcdnuicc , — Emaciation is a striking sign early in the course of 
the disease, though rarely a flabby amemic appearance may be observed, 
especially in women. In cases without oedema, the thin face, wasted arms 


66 


KaltuAzar 


and leys and prominent ribs arc very strikiiiy (fiys. 12 and 13). Alony with 
the wastiny, the abdomen becomes more and more distended, due to the 
yreat enlaryemcnt of tlie spleen and the liver, and also to some extent to 
ascites. The siipeiHcial abdominal veins mav be dilated, and there is often 
visible pulsation in the veins of the neck which is sometimes \ery marked. 
In cases with (edema, the wastiny with prominent abdomen and (edema of 
the lower extremities yives a characteristic picture of the disease. 

Ainviiiid. — (leneially speakiny anmmia is not so marked in the early 
stayes of the disease as in malaria. Rarely, however, very severe anamiia 
may be present, especially when the disease is contracted dnriny preynancy, 
or in the puerperal period, or when the disease is complicated with ankylo- 
stomiasis or sometimes without any of these complications. 

Caydio-vnsculnr Synipfouis . — There may be murmurs audible over the heart. 
Sometimes there may be symptoms of cardiac dilatation. Mackie has laid 
stress upon tachjx'ardia in the disease, which m.iy be present even when 
there is n(3 rise of temperature. This tachycardia may be noticeable early in 
the course of the disease. An unusually slow pulse was observed by the 
author in some cases a few days before death. A venous pulse is often 
recoynizable in the neck. 

Nespiraiory .S\ 7 ///>/c)///.s'.- - Bronchitic symptoms may be present in the early 
staye of the remittent fever in this disease, but are neither so marked nor 
so common as in typhoid fever. Towards the termination of the disease 
bronchitis is frec|uenlly present and is sometimes a troublesome symptom. 
Sometimes there is a troublesome couyli due to a relaxed condition of the 
throat. (Edema of the yh)ttis may occur. 

iliilciua , — (Edema of the lower extremities is sometimes an eai ly svmptom 
of the disease and is common in its late stayes. Sometimes there may be 
ciicmnscril)ed (edema. Frequently the patient yives a history of (edema of 
the lower extremities haviny been present dnriny some stayes of the disease. 
R.irely there may be (edema ot the face and yeneral anasarca (liy. 14). 

Urinary Syinplonis , — Sliyht albuminuria is frequently pn^sent, and 
casts are sometimes found in the urine. Jn a series of twenty cases albumin 
was present in the urine in fifteen, ranyiny from a trace to a delinite (juantity. 

1 hematuria and cystitis are rare. The author has observed hiemoylobinui ia 
in two cases in which there were no siyns of malaria. Indican may sometimes 
be present in the urine. 

The Spleen , — The spleen is enlaryedin almost every case of kala-a/ar. 'I'he 
yreat peculiarity in its enlaryement is its proyressive character. In some 
cases the spleen may apparently be suddenly enlaryed, so that it rt^aches 
up to the umbilicus, when the fever has been of a month’s duration. The 
spleen may diminish with the decline of the temperature, but in other cases it 

has passed into an apyretic staye 
rise of temperature. In extremely 
rare cases there may be little or no enlaryement of the spleen, as has been 
observed in Assam by Dodds Ih iceand others in other endemic areas. Some- 
times an attack of melama or severe diarrhexja is folk^wed by a remarkable 
diimniition in the size of the spleen. 


continues to enlary^ven when the patient 
after the subsidence of the initial remittent 
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The consistence of tlie spleen is yenenilly hard, especially in clironic 
cases, but it is not invariiibly so, especially in the early sta^e of the disease. 
Generally speaking it may be stated that a spleen wliich is soft or hard and 
has become much enlarged in a short time is more likely io be due to kala-azar 
than malaria. Out of a series of 106 sporadic cases in the author’s ward 
it extended from i in. to 3 in. in 34 cases, 3 in. to 5 in. in 41 cases and from 
3 in. upwards in 31 cases. In this series the greatest enlargement of the 
spleen was 10 in. below the costal arch. In Ko^ers’ series of the sporadic 
cases in Calcutta the or^^an reached up to the level ol the navel or below in 
<S3 })er ccMit., while in 10 per ceim^it extended to the level of the anterior 
superior spine of the ileum. 

Christophers has described the following types of enlarged spleen met 
with in endemic areas of kala-azar in India : — 

“(i) Large spleens yielding Lci^^lniKinia on puncture. 

“ (2) Large spleens in which no parasites are found even when many 
splenic cells are included in the blood drawn from the spleen. Nevertheless, 
not infrequently in these cases the history and clinical evidence very strongly 
suggest kala-azar. It is possible that at certain stages of the disease parasites 
are greatly reduced in numbers or that they are absent from portions of the 
spleen. 

“ ( 3 ) Very large spleens exactly resembling I.cisJimAia spleens, but there 
is usually a very long history, and the patient, though he may be anaemic, is 
well nourished and may even be robust. The frequency of this condition 
among the immigrant coolie population from certain localities, t'.a., Arrah, is 
very noticeable (I think they are probably ol malarial origin). 

“ (4) Very large spleens associated with marked anamiia and often with a 
considerable amount of (edema of the face and ascites. To superficial 
examination tliest* cases often simulate kala-azar very closely, luit on puncture 
they yield only malarial parasites.” 

To the above I would add the following remarks: — 

(j) Cases of very enlarged spleen are not infrequently met with in Hengal 
which do not show the presence of either malarial parasites or Leislnjinnia, 

(2) Spleens in which the enlargement is quite out of proportion to the 
duratiem of the disease is more likely to be due to kala-azar than to malaria. 

(3) An enlaiged spleen reaching up to the umbilicus after an illness of 
thiee or four months is more likely to be due to kala-azar than to malaria. 

(4) A spleen which has become much enlarged after an illness of few 
months and whose consistency is soft is likely to be due to kala-azar. 

(5) Some very enlarged spleens may be due to either malaria or kala-azar. 

(6) Some very hard spleens may be due to either malaria or kala-azar. 

(7) Many cases of moderately enlarged spleens with soft consistency are 
found to be due tc^ kala-azar. 

(8) Rare cases have been met with in which the spleen does not extend 
more than 2 in. below the costal margin after several months’ illness and still 
they are due to kala azar. 

It would not be correct to say that very hard and very enlarged spleens 
are mostly due to kala-azar, because they may be due to malaria. 
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The Liver . — In the iiuijority of cases the liver is enlarged. In chronic 
cases it is liard on palpation and may undergo cirrhotic changes. In early 
cases the liver is soft and ^fenerally enlarges move quickly than in malaria. 
Generally speaking the liver is not so enlarged as the spleen, though very 
rarely the enlargement of the liver may be quite out of proportion t(^ that of 
the spleen. 

Lymphatic Glands . — 7 "he lymphatic glands in the axilla and groins may 
be sometimes enlarged, but not so frequently as in infantile keda-a/ar. 



15. — Spk*L*n aiul liver cnlarj^ement r'K;. If). - Splenie and liver eiilar^i nK-nl 

in kala-a/ar. (Orij^inal.) in kala-a/.ar. (Original.) 

The Blood . — As stated before, marked aiiiemia is not a common symptom 
in the early stages of the disease. The red blood-corpuscle count varies 
between 2I and 4 millions in a majority of cases. 

In a series of early cases Kogers found that under one month’s illness, in 
55 per cent, the red blood-corpuscle count was above 4 millions; between 
one and six months' illness, in 67 per cent, tlu* red blood-corpuscle count was 
between 2I and 4 millions ; and over six months’ illness, in 28 })er cent, the 
red blood-corpuscle count was below 2h millions. 

Leucopenia is frequently observed in this disease and in many cases early 
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in its course. The leucocyte count may fall to 700 ov 800. Lcucopenia is 
frequently absolute as well as relative. Aui'cmia and leucopenia are pro- 
gressive, but the latter progresses more rapidly, so that the ratio of white cells 
to red cells may be i to 1,500, or even less. This relative leucopenia is of 
great diagnostic importance in the early stage of the disease (Rogers). Rogers 
points out that in uncomplicated kala-a/ar the ratio of white blood-corpuscles 
to red bIood-cor])uscles is less than 1 to 1,500 in nearly 90 per cent, of the 
cases, and in a large number of cases the proportion is less than 1 to 2,000, 
and he concludes that this degree of relative leucopenia is almost absolutely 
diagnostic of uncomplicated cases of sporadic kala-azar. He also found that 
in epidemic kala-azar the leucopenia was less marked during high fever than 
during remissions or low intermittent pyrexia. He lays down as a rule, 
that in any cases of fever which may possibly be kala-azar, the finding of 
less than 1 white to every 1,500 red corpuscles, and still more of greater 
degree of relative leucopenia, will be almost diagnostic of the disease.’' This 
sign may, however, be absent in certain cases, for instance, when ane'emia is 
extreme, as in advanced cases, in pregnancy and the puerperal state, or when 
complications are present, such as pneumonia, phthisis, cancrum oris, &c., or 
sometimes even in the absence of any of these factors. The blood-counts of 
a few cases with marked an.'cmia are given below : — 


( 1 ) Red blood-corpuscles. 

1,400,000 ; 

white 

blood- corpuscles. 

2,170 ; 

ratio, I to 

(2) Red blood-corpuscles. 

860,000 ; 

white 

blood-corpuscles, 

2,250 ; 

ratio, 1 to 382. 

(3) l\*ed blood-corpuscles. 

1 ,480,000 ; 

white 

bU)od-corpuscles, 

3 >^ 7 ^ j 

ratio, r to 382. 

(4) Red blood-corpuscles. 

2,300,000 ; 

white 

blood-corpuscles, 

3 > 3 oo ; 

ratio, I to 696. 

(5) J^ed blood-corpuscles, 

I , 500,000 y 

white 

blood-corpuscles. 

2,000 ; 


ratio, I to 750. 

These are most ]uizzling cases, as they fit in with kala-azar as well as with 
mahiria. When the leucocyte count is 5,000 or more, this characteristic 
relative leucopenia is also absent. 

In a successive sei ics of 200 cases in my hospital and private practice, the 
following was the result of blood examination : — 

Red blood-count ; In 15 cases above 4 millions, in 121 cases between 
2\ and 4 millions, in 49 cases between iJ, and 2A millions, and in 15 cases 
below I h millions. 

White blood-count : In i case about 8,000, in ii cases between 5,000 to 
0,000, in 45 cases between 3,000 to 5,000, in 87 cases between 2,000 to 3,000, 
and in 56 cases below 2,000. 

J\*elative diminution of polymorphonuclear leucocytes is a very constant 
feature of the disease, and, according to Rogers, this corresponds to a 
relative increase of the large mononuclears, but, in the writer's experience, 
relative increase of the lymphocytes is more marked, though it may be less 
than in infantile kala-azar. 
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The eosinophils may decrease, according to Kogers, but in iiiany cases 
they are distinctly increased during treatment with antimony. Wluai the 
aiiicmia is severe, poikilocytes, micro- and me^alocytes, myelocytes and 
erythroblasts may be found in the peripheral blood. 

The hiemo^lobin value of the blood diminishes alon^ with the diminution 
of the red blood-corpuscles. Rogers holds that the amemia is of the 
pernicious type, but frequently it is more of the chlorotic type. 

In one series of my cases the Inemoglobin value was as follows : — 

In 41 cases it was betw(*en 45 to 60 per cent., in 68 cases between 
40 to 45 per cent., in 65 cases between :;o to 40 per cent., and in 26 cases 
below 30 per cent. In some cases it was so low as 15 to 20 per cent. 

The averajLje colour index in this series of cases was 0*64, and in about 
10 per cent, of them it was nearly equal to the average normal in Indians. 

Hiochemical Chitiiilcs /// the Blood, — 'I'he coagulability of blood is 
decreased in many cases, and when this decrease is marked there is a 
tendency to petechial haunorrhages. There is very little change in the 
liaMUO-salinity of the blood, but its alkalinity may be markedly diminished. 
In a series of cases, the average basic reactivity was found to be 0*092 normal, 
as compared with 0*178 normal, in a series of healthy studeiils. Incase of 
Indian kala-azar, the author has found that the relative haunoglobin value 
of the resistant erythrocytes during luemolysis is less than normal. 

The experiments in connection with deviation of the complement have 
not given any relialile results. A limited number of observations were made 
by me in this direction. In a series of eight c.ises the reaction was found to 
be positive in six and negative in two. The diagnosis of each case was 
made by spleen puncture, and the antigen used was made by the alcoholic 
extract of fresh spleen of a kala-azar case, made by grinding up one part 
of the spleen pulp with three parts of a mixture of equal parts of alcohol and 
0*85 per cent. NaCl solution, and then heated for an hour at 6o' C. The test 
originally employed by me was Fleming’s modification of the Wassermann 
test. I subsequently tested this reaction according to the original Wassermann 
method and found that in only one out of four kala-azar cases this reaction 
was positive. Cornwall found that very careful experiments made with a 
sti ong extract of leishmania flagellates and the serum of a kala-azar patient 
t.iilrd to produce any deviation of the complement, pointing to the conclusion 
that no specific antibodies were present in the blood of a well-marked case 
of kala-azar. 

The Globulin Coulenl of the Blood in Kaln-aziir. — The author has observed 
a marked increase in the globulin content of the blood, and probably there is 
an easily precipitable globulin in kala-azar serum, and these are probably 
responsible for the globulin tests of kala-azar described by me, and tiie 
h.emolytic and aldehyde tests of others. J have separated a globulin from 
kala-azar serum which possesses marked anti-complementary properties. 

The following globulin tests are described : — 

(1) Globulin ring test. The serum of the patient is diluted ten to twenty 
times with normal saline in a test-tube, and then a small amount of distilled 
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water is gently poured over the serum — a distinct wliite ring forms over the 
surface of tlie serum, similar to that which is observed in the ring test for 
albumin with nitric acid. 

(2) Globulin precipitation test. When the serum is diluted in a test-tube 
with two to three parts of distilled water, a white precipitate forms. Upon 
this depends the Jiivniolytic icst^ which consists of adding one part of blood to 
two or three parts of distilled water in a miniature test-tube or a Gower's 
h.eino^lobinometer tube. A turbidity forms which consists partly of the 
precipitated globulin, partly of the stroma of red cells entangling the 
precipitated globulin and partly of red cells not hfCmolysed due to the globulin 
pi(*(.‘ipitated on their bodies mechanically preventing their solution. The 
precipitate settles down at the bottom of the tube after some time. 

(3) Globulin opacity test. One part of serum is mixed with six parts of 
distilled water, and the precipitated globulin obtained thereby is poured into 
a graduated cylinder, the diameter of which is i in. and which contains 
some black s|')ots at the bottom. More and more of the tluid containing the 
preci|h(ated globulin is added until the sjiots become just invisible to the eye 
looking down on them. The level of the fluid indicates the amount of 
globulin present. If the level is 1*25 in. or less then it may be regarded as 
fairly diagnostic of kala-azar. 

(4) 'file aldehyde test. One cubic centimetre of clear serum is placed in 
a test-tube of I in. diameter and 3 in. long, one drop of 30 per cent, formalde- 
liyde (commercial formol) is added to it and the serum is well shaken and 
placed on a stand. If within a minute or two the serum becomes set,” and 
then becoiiK's absolutely solid and opacpie within three to twenty minutes, it 
is claimed to be diagnostic ot kala-azar. The test is, however, negative in 
many undoubted cases of keda-azar, especially in the early stages. The 
turbidity and opacity are also variable in many cases of undoubted kala-azar, 
as well as in other diseases. Ceases which are not kala-azar may be found in 
which the degrees of opacity and turbidity may be greater than in a kala-azar 
case. Ik’sides, the degrees of turbidity and opacity vary to a great extent 
with the time taken for them to develoj). 

The globulin opacity test being a quantitative one gives more definite 
results than any other serum test. 

K’egarding the presence of LcisJinuuiid in the peripheral blood, see Chapka* 
on Pathology. 

It has been recently claimed by Chopra that when a solution of an organic 
antimonial of the class of urea stibamine is gently added on to the top of the 
serum of kala-azar patients in a Dreyer's tube, it gives rise to a precipitate at the 
junction of the solution with the serum, and this is diagnostic of the disease. 
Chopra's original te st consisted of adding a 4 per cent, solution along the side 
of the Dieyei’s tube. In a later communication he suggests that one or two 
drops of blood may be mixed with 0*25 c.c. of a 2 per cent, of potassium 
onalate solution and the test performed in the same way as with the serum. 

More dilute solution of urea stibamine has also been recommended. 

It would be interesting to follow the value of this test in other diseases. 
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It is significant that the test seems to be much allied to the globulin ring test 
of the author described above. 

It was long ago recognized by the author that when distilled water is 
added on to the serum of a kala-azar patient in a test-tube, a marked 
precipitate forms at the junction and that, as staled in the globulin ring test, 
a precipitate forms even when the serum is diluted ten to twenty times with 
normal saline. 


II. INFANTILE KALA-AZAK. 

The incubation period of infantile kala-a/ar is also unknown, (hd)bi 
observed an infant seven months old suffering from it, and, judging from the 
symptoms, he concluded that it must have been attacked when it was four 
months old. Similar observalie)iis have been made by others. Vakimoff and 
others found shorter periods of incubation in experimental animals, even less 
than two weeks. 

In some cases the course of the disease can be divided into three stages : — 

(1) Kiist stage — lasting from one to three months. 

(2) Second stage — characterized by constant fever lasting for several 
months with progressive enlargement of the spleen and liver, aiuemia and a 
characteristic pallor of the skin. 

(3) Third stage — characterized by cachexia, attended with purpuric 
hiemorrhages, marked aiuemia and extreme emaciation. There is frequently 
high and uninterrupted rise of temperature. In excejMional cases there may 
be apyrexia a few days before death, which is frequently due to respiratory or 
gastro-intestinal complieatious. 

In the initial stages there is irregular fever associated with a progressive 
aiu'cmia. In some cases there may be complete intermission of the fever for 
two or three days at this stage. The patient is dull and suffers from 
constipation alternating with diarrheea. 

As the disease progresses, wasting and abdominal distension manifest 
themselves, and the fever assumes an intermittent or remittent type, and 
there may be two or three rises of temperature in twenty-four hours, as 
has been observed by Jemma, Caronia and Xieolle. Generally the fever 
siib'^ecpiently assumes a continuous type. 

'riie course of the disease may be acute, subacute or chronic (|emma). 
The acute type, which is generally fatal, lasts from one to two months and has 
occasionally been observed in Italy. 

The subacute type lasts from five to twelve months, and death may take 
place from complications. The chronic type lasts two to three years, and 
may end in recovery. In endemic localities all eases do not die, as has been 
observed by Jemma, Spagnolio, Xicolle, Liguos, and others, in the iMediter- 
ranean districts, and by Balfour in the Sudan. 

There is generally progressive enlargement of the spleen, but Dionisi has 
observed that in very rare cases this may be entirely absent. The liver is not 
constantly enlarged. 
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111 some ciiscs the disease remains stationary. The cases that improve 
become more and more briglit, the skin regains its normal colour, the spleen 
diminishes in size and may come to its normal proportions. Subsequently 
complete recovery takes place. 

In those cases that do not recover there is increase ol amemia and 
weakness, and the ]iatient becomes more and more listless. 

'Idle muscular tissue wastes and loses its tonus. Children, especially in the 
third sta^e, look very cachectic and pale with sunken features, weary eyes, very 
pallid lips, lyin^ immobile and apathetic. 

In many children a condition of drowsiness is observed towards the end. 
Subse(.]uenlly the patient dies of some complication. 

Symplonis of liifnnlilc Kala-nznr Considered in Deinil. 

Teinpernlnre. — This is frequently of an irregular type, and in the early 
sta.^es of the disease is interrupted by periods of apyrexia. Sometimes it is 
intermittent, becoming remittent with double or triple or multiple rises in 
twenty-four hours. SubscLiuently the fever assumes a continuous type 
without anv periods of apyrexia. Occasional attacks of hyperpyrexia may 
occur, and sometimes the temperature may come down to subnormal (see 
charts, tigs. 17 and iS). In rare cases the pyrexia may be slight. 

Chills iind Uigors, These occur occasionally at the onset of the disease, 
the seizures coming on suddenly, as in malaria, and terminating with severe 
perspiration. As a rule, however, these rigors are absent, and the disease 
begins very insidiously. 

Xervons Syslcm, — Tlu* mental condition of the child deteriorates as the 
disease progiesses. Me will no longer play, and becomes more and more 
indifferent to his surroundings as the amemia increases. Me loses his spright- 
liness and always rests in his mother’s arms, and sometimes becomes stuporose 
towards the end. 

Gnstro-inicslinid Syniftonis,-- \T)miting and diarrluea, or constipation 
alternating with diarrluea, are frecjuently present and sometimes are the first 
sym|itoms that are noticed in this disease. There is a good appetite which 
may be increased at times. Rarely there may be anorexia. The stools may 
contain undigested food material with blood and mucus. The motions are 
verv foul. Hieniorrhagc from the intestines is rare, 'fhere may be terminal 
dysentery or diarrluea. 

I'lic Skin. — As the disease progresses, the skin loses its elasticity, and 
assumes a peculiar pale, transparent, wax-like or earthy appearance ; some- 
times it ap|)ears cadaverous-looking. Pin-point luemorrhages, petechial and 
purpuric iKemorrhages, are common on the trunk, the abdomen and the 
extremities. Tliey are probaldy more common than in Indian kala-azar. 

Genenil Condilion. — Amemia is more intense than in adult kala-azar, 
and this is accompanied by wasting and disappearance of the sub- 
cutaneous fat. Tile prominent ribs, scapub'c and long bones, the protuberant 
abdomen due to enlargement of the spleen and liver, and ascites, and the 
enlargement of the supei ticial abdominal veins present a very characteristic 
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picture. Later on oedema of the extremities, the face and the eyelids, shows 
itself. 

(Edema may arise in any sta^^e of the disease, and sometimes it appears 
suddenly. Early cedema often vanishes suddenly. The ccdematoiis areas 
may be intiamed and become painful. 

There may be visible pulsation of the veins of the neck. 

Dimimiticfii in — Progressive from the be^inninj^, and is especially 

marked towards the end. 

Cnnlio-rnscnliir Svniploni ^. — The pulse is always very rapid, and its rate out 
of proportion to the rise of temperature. Tachycardia remains durin.^ periods 



lM<i. l‘r Kala-a/.ir in .1 V liiia aecti 1'. vcai s. lOrieinal.i 

ol .ipyie.xia, aiul during the tever theiate may be i^o-i() 0 . ILeniic bruits may 
be present in the heart, 

h\’spir(iIoiy Syinp/onis, — I'liere may be bronchitic symptoms and dvspnoja 
on exertion. I here may be cyanosis and dan^ijeroiis asphyxia, sometimes 
due to (edema of the i^Iottis. Lobar pneumonia, bronch()']')neumonia or 
pleiiiisy may be sometimes observed and especially towaids the end. 

I nnniy Syinp/onis, — The urine usually remains normal, but there mav be 
slight albuminuria, or diminution in the output. Lipuria may be present 
(hranchini and Lon^^o). l^etrone and Cannata found the diazo reaction 
present. Rarely there may be cystitis. Scordo found no abnormality in the 
ratio between the chlorides and nilroijen. 
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The Spleen . — The spleen becomes progressively enlarged, till it fills the left 
side of the abdomen, but there is no constant relationship between the size ol 
the spleen and the severity and progress of the disease, as has been stated 
erroneously. In the first stage the spleen is soft, and it begins to harden in 
the second and third stages. The spleen may diminish in size towards the end, 
especially after profuse diarrhoea. The absence of enlargement of the spleen 
is very rare. 'J'he patient may complain of pain in the spleen and occasionally 
small supernumeiary spleens may be present. 

The Liver , — It is generally enlarged, but it bears no recognizable lelation- 
ship to the enlargement of the spleen. Its edge is regular, sharply defined and 
firm. Some observers lay greater stress upon the inei easi ng hai dness of the 
liver than upon its enlargement. Hepatoptosis is very rare (Gabbi). Sometimes 
there is no enlargement of the liver. 



Fk;. 20. — A case (»l inlanlile kalasi/ar. (Ori.L^iiial.) 

'The l.yniphitTu (llcuids ^ — The glands in the neck, axilla and groin, frequently 
undergo painless enlargement, according to some ol)servers, while olhei s state 
that they are as a rule unchanged. Jemma and di Cristina described a case 
in which micropolyadenitis occurred. Keletli, Cortesi, Levy, Spagnolio 
and Caristo observed simple lymphadenitis in the region of the neek, 
axilla and groin. Cochran and Neumann, as well as Spagnolio, have found 
Lei.shiiKiiiid pre.sciil in these glands. 

The Blood , — The blood-changes are .somewliat similar to those observed in 
kala-azar of adults. ] 3 ut the relative leucopenia is not so pronounced. In the 
Sudan variety of the disease, diminution of the eosinophils lias been observed. 
The blood may rarely show the presence of microevtes, macrocytes and poikilo- 
cyles, and, still more rarely, normoblasts, d'lie haMiioglobin content of the 
blood may be as low as lo per cent, and tlie colour index is less than normal. 
Cannata found the resistance of the red corpuscles diminislied, while Abate 
observed increase id maximum and minimum resistance. Idle red corpuscles 
diminish in number as the disease progresses. As regards the leucocytes, 
Cannata found in 31'! per cent, the leucocyte count was normal or nearly 
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normal, in 62'2 per cent, there was leiicopenia, and in 6*7 per cent, there was 
slight leucocytosis. 

Feletti and Longo, in Catania, and Kardematis, in Greece, and Pittaliiga, in 
Spain, always found leucopenia. Generally there is relative increase of the 
large mononuclears and lymphocytes at the expense of the polymorphoniiclears. 
The presence of lipemia, noted by Longo, has been confirmed by Gabbi. 

As regards the biochemical changes in the blood, Milo, in Messina, and 
others have confirmed the author's observ-ations on the globulin precipitation 
test in scrum of adult kala-azar. 

Pavoni lound that the complement-deviation reaction in cases of kala-azar 
running the usual course of the disease was nearly always negative. In some 
cases that recovered, the reaction was positive as also in chronic cases, 
though it might disappear suddenly if the patient suddenly became worse. 
The reaction for deviation of the complement Wtis tried by Cristina and 
Caronia in eighty-eight c.ises of infantile kala-azar, with partially or definitely 
l^ositive results in thirteen cases. In those cases in which a positive result 
was obtained the malady had only been of short duration, suggesting that 
there was an immunity reaction early in the disease. They also tried the 
complement-deviation reaction by the method suggested by Ascolti. It 
depends upon the fact that a subject who has been submitted to the action 
of an antigen without having reacted in the production of specific antibodies 
may be artificially stimulated with the small doses of the same antigen (killed 
cultures, toxins, tS:c.), so that he acquires the power of forming these anti- 
bodies (Ascolti’s allergic sero-diagnosis). Patients, suffering from kala-azar, 
in whose blood no antibodies could be detected were treated with nucleo- 
pioteids extracted Irom cultures of Lrishnidiiid, 'rheir blood showed the 
reaction for the deviation ol the complement and agglutination on the fifth 
or sixth day. 

I)i Cristina and Caronia, as a result ol their own observations and those 
ot other observers, conclude that agglutinins and specific precipitins only 
rarely are produced in any quantity in the blood as the result of the natural 
Lcislniumiii inlection, but that it is possible to produce them artificially bv the 
injection of killed parasites or of nucleo-protcids extracted from these. They 
hold that the Lcishiminia act like other micro-organisms, in that they 
stimulate the body by means of toxins and endotoxins to the production of 
antibodies. In the cases in which a positive result was obtained, the malady 
had only been of short duration, suggesting that there was an immunity 
reaction early in the disease only. In one case this disappeared after fifteen 
days. The reader is referred to Noguchi's experiments on serological 
reactions (p. 35). 

Scordo found that the serum of k.ila-azar patients had some agglutinating 
action on cultures of Li islniumid, .md that this action was more on the cultures 
of human than of canine origin. Bandi has observed that the repeated 
intravenous injection of rabbits with cultures of Lcislittidiiiu of human or 
canine origin causes the appearance in the blood of substances capable of 
agglutinating the cultural forms. The serum of rabbits injected with cultures 
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of canine Lcislnnania afjt^lutinatecl cultures both of canine LrisJiiiiam'a and 
Lcishnuinia iiifaiifittn in dilutions of t in i6o. Their sera further produced 
aj4glutination of cultures of Lcisluiinnin tropica in a dilution of i in 70. 
Montenegro reports that intradermal injection of alkaline extract of 
Lcklnnaiiia given to patients with leishmaniasis produces a ])ositive reaction 
in more than So per cent, of cases, which, when typical, is diagnostic. 

Caronia liolds that the complement power of the blood is increased in 
cases of kala-azar, being more marked in the later stages of tlic disease. In 
this connection the author would refer to his observations that the scrum of 
kala-a/ar patients contains a peculiar globulindike substance whicli possesses 
a marked anti-complementary property when mixed with a luemolytic system. 
Tlie author’s observations on Indian kala-azar differ fia)m those of Caronia 
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CHAPTER X. 

COMPLICATIONS. 

I. IN THIC ADULT FORM. 

Cancritm oris is common, and is a most serious complication. There 
may I^e extensive sloughin/4 of the cheeks, and destruction of the muscles 
and hones of the face (sec tig. 21). The sloughing process may also 
extend upwards and destroy the eyeball. Septic absorption may take place 
into the vessels (»f the brain, giving rise to cerebral complications, such as 
meningitis, tS:c., followed by convulsions, coma and death. In other cases, 
the sloughing process may extend to a large artei y and severe Inemorrhage 
may follow. Deatli may lake place from hiCmorrhage from the facial or the 
lingual artery. In rare cases, sloughing may start from the soft palate, the 
pharynx, or from under the tongue. The tonsils may slough off. Bleeding 
from the gum<, ulcerative stomatitis, and pyorrhcca alveol.iris are often 
observed. Septic conditions such as ischio rectal abscess, mastoid abscess, 
otitis media, gangrene of the vulva, as well as sloughing and septic dysentery, 
may occur. There is a tendency to lux-morrhage fi'om different parts of the 
body, as shown by petechiic or large purpuric patches. These are serious 
complications, and appear more in the late than in the early stages of tlie 
disease. Hxmateniesis and mehena may occur and sometimes herald tlie 
end. 'Phese may be followed by a striking diminution in the si/e of the 
spleen. Melama may occur with or without any dysentery. Epistaxis 
may be severe and threaten life. It may be present either early or late in the 
disease. There may be cerebral luemorrhage and death may follow. 

Gastro-intestinal complications, such as diarrhexa, bacillary or amoebic 
dysentery, are often terminal complications. Cases have been described in 
which dysenteric symptoms due to Lcislinuniiit closely allied to those of true 
dysentery may appear during the course ot the disease. Sucli leishmania 
dysentery must be very rare, and generally the dysentery is of the bacillary or 
anuebic type. (Generally speaking, dysentery is a serious camiplication, and 
if it tends to be chronic it frequently ends fatally. Septic dysentery is almost 
always fatal. If dysentery is associated with marked axlema and aiuemia, it 
is then frequently fatal. Very rarely death may take place from perforation 
of the bowels. 

Bronchitis is frequently present when there is marked oedema. A relaxed 
condition of the throat may give rise to a troublesome cough. Broncho- 
pneumonia, lobar pneumonia, pleurisy, empyema and tuberculosis, may also 
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complicate the disease. If pneumonia is associated with cancrum oris or a 
septic condition of the mouth, tlien it is very likely to end fatally. One case 
of the author had luemothorax, and sixty ounces of bloody fluid were removed 
from the left pleural cavity. 

Reference has already been made to tachycardia. More rarely there may 
be mai ked bradycardia a few days before death. Dilatation of the heart may 
be i^resent. jaundice and ascites due to a cirrhotic condition of the liver, or 
pressure of cells loaded with Lcishnuinia upon the bile or the portal capillaries 
in«iy be j)resenl. Liver abscess is r<u*e. Perihepatitis, perisplenitis, infarcts 
in the spleen and its rupture have been noted. The author has seen extensive 
liajmorrha^^e under the capsule of the spleen, ^ivin^ rise to a luematonia. 



21. — A c.isc of extensive eaneniin oris in acliill kala-a/ar, eiirecl by urea stibainine. 

(Original. I 


Severe amemia, ^^eneral anasarca, albuminuria, and true nephritis may be 
present. 

Ankylostomiasis, typlioid fever, and Bacillus coli infection may complicate 
the disease. Malaria may complicate the disease, but not so often as one 
would expect from the common cndemicity of the two diseases in many 
places. This is partlv to be attributed to the fact that most cases come for 
treatment after havii\j4 taken quinine, having been primarily dia/^nosed as 
cases of malaria. In Iiospital practice malaria is rarely found as a complica- 
tion of kala-azar. 

In acute cases, typhoid symptoms, subsultus tendinum, delirium and 
coma, are occasionally present. Tlicse may also be present in some chronic 
cases shortly before death. Tetany, epileptiform fits, retinal and meningeal 
hiciuorrhages are unusual complications. 
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Dropsy is sometimes found to l^e a very marked symptom of the disease 
and is frequently associated with much amcmia. Cases with severe an^emia 
and marked dropsy are generally very resistant to treatment. 

Skin diseases and ulcers in the skin frequently arise in chronic cases. 

II. IN THE INFANTILE FOFM. 

H.emorrhages may also occur in tliis form of the disease, sucli as severe 
epistaxis, whicli may be fatal, Ikcihoi rhage from the gums, petechia* and 
purpuric patches. Mehena and luematemesis are not common. Bleeding 
from the gums is common. There may be complications of stomatitis cain- 
rrlinlis and iilcrrosn and noma. The former makes its first appearance upon 
the lips, and subsequently affects the cheeks or the gums. It may be present 
either in a slight { foniKi cnliii rlialis) or severe form ( forma ulcerosa) and 
resemble true noma. Noma has been obseived in Tunis by Nicolle, in Italy 
by (kibhi, Longo and Feletti, in Cireece by Lignos and Chri-tomonos, and in 
Malta by Critien. 

C'l itien observed cases of cancrum oris in whicli the coiii se of develop- 
ment varied from tlnee to six weeks. As long as the condition was 
maintained, there was practically no pain. The affected mucous membrane 
had a greenish-black superficial appearance; it secreted a malodorous 
mucilaginous fluid, which drij>pcd away at the corners of the mouth. In one 
case, observed by Longo, the infective process spread to the palate and nasal 
bones and destroyed both. lA'ishniauia have never been found in the 
secietion, except in one of Gabbi’s cases, in which instance he thought that 
thev probably had come from the blood, because they were found in a 
moribund child. 

Septic infections, mastoid abscesses, otitis media and deafness, may 
complicate the disease. 

l^espiratory complications are not unusual. There may be bronchitis, 
lobar pneumonia, broncho-pneumonia, pleuritis and tuberculosis. Sometimes 
there develop fatal dyspiuea and cyanosis, due probably to tedema of the 
glottis. Albuminuria, true nephritis, hjematiiria and lipuria may also 
I'omplicate the disease. Malaria and ankylostomiasis may be associated with 
infantile kala-a/ar. Obstinate diarrha*a, entero-colilis and dysentery may be 
dangerous complications, and lead to death. In many cases these intestinal 
disorders are due to errors in diet. There may be cerebral hcxmorrhage and 
spinal meningitis. Skin eruptions may be present, e.g., pemphigus (Nicolle). 
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CHAPTER XI. 

PROGNOSIS. 

The prof^MOsis of kula-aziir in cases of iintrcalecl aclults is very j^ravc. 
Before treatment with antimony had been introduced about to 95 ])er cent., 
or even more, of the* cases died. In Assam it is a well-known fact that 
before any tieatment for kala-azar was known, at least 90 jhm* cent, of those 
attacked succumbed to the disease " (Murison). A very low leucocyte count, 
marked diminution of the polymorplionuclears, and severe aiuemia indicate 
an unfavourable pi’o, gnosis. Complications influence the pro^^nosis, especially 
cancrum oris, dysentery, diarrhcca and luemorrhagic tendencies which are 
very serious. Cases of c'ancrum oris without reactive leucocytosis invariably 
terminate fatally, while those with ;i well-marked inactive leucocytosis may 
recover both from kalasi/ar as well as cancrum oris. Other complications 
that influence the pro^^nosis are pneumonia, nepln ilis, cirrhosis of the liver, 
cardiac dilatation, and j^eneial anasarca. If the patient recoveis from an 
attack of pneumonia complicatin<4 the disease, then he may also recover from 
kala-a/ar, especially if a well-marked leucocytosis develops durin;^ the attack 
of pneumonia. 

There are rare cases that are resistant to antimony treatment, and their 
prognosis is bad. 

In infantile kala-a/ar, 14 to 24 per cent, of the eases have been recorded 
by different observers as undercioin^ spontaneous cint*. Heie, too, com- 
plications influence the proj^'nosis. 

jemma has oliserved that the chronic type of the disease, lastinj^^ frcun two 
to three years, may end in complete recovery. Noma, dysentery, obstinate 
(liarrlaca, luemorrha^qic tendency, and (edema of the ,e,lottis aie the most 
(Liii^^erous complications. The more marked the leucopenia, and the smaller 
ihe number of polymorplionuclears, the worse is the proj^mosis. 

In ihe Sudan the percentage of spontaneous recoveries is very small. It 
has been noted that a reappearance or increase of the eosinophils in the 
blood is a favourable sign. Increase of eosinophils occurs in cases of kala- 
a/ar of adults that are improving under antimoni.il treatment. 

Since ilic initodneiiou of Ihe aniinionial irediiiicnl of /he disease no case 
shonid he regarded as hopeless^ unless Ihere is a fa/al coniplicalion. 
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CHAPTER XII. 

DIAGNOSIS AND DIFFERENTIAL DIAGNOSIS. 

1. DIAGNOSIS. 

Ix arcjis wlicre kahi-a/ar of adults is endemic, any doubt arisiuf^^ as to the 
correct diagnosis of the condition can be settled if the following symptoms 
are present : — 

A double rise of temperature persisting for a lon,^ time; progressive, rapid 
and marked enlargement of the spleen ; increasing emaciation and loss of 
weight; piogiessive aiuemia and progressive leucopenia ; early (x^dema and 
Iwcmorrhages ; a peculiar, somewhat shiny appearance of the skin ; and the 
failure of ijuinine in checking the fever. 

If the ratio of the white to the red corpuscles in the blood is less than 
I to 1,500, then the disease is very likely to be kala-azar. Ibifortunately this 
relative leucopenia is not always present. The globulin tests are of diagnostic 
value when positive. Urahmachari considers that the gloluilin opacity test is 
of great value. The formaldehyde test may be negative in early cases of 
undoubted kala-a/ar, while it may be positive in cases that are not kala-azar. 
Cho]')ra’s recent urea stibamine may also be tried. I)i Cristina and Caronia’s 
anaphvlactic test described below does not appear to have been tried in kala- 
a/ar of adults. 

“ Wagener (1923) has shown that the injection of alkaline extracts of 
Lrisliiiitniid from cultures into the skin of rabbits previously rendered sensitive 
by injections of cultural forms of Ia'IsJi iiinnid produces a local reaction in the 
form of an erythematous papule, which reaches its height in forty-eight hours, 
and persists from three to live days. 'J'he antigen can be prepaied from both 
Lcislinidiiid tropica and I.cishnidniii donovdiii, as it is not specific for either 
parasite. If these results .ire confirmed, the reaction may be of use for 
di.agnostic purposes ’’ (Wenyon’s I^KOTOZOOi.OCiY). 

Infantile kala-azar presents a similar clinical picture. The differences 
which occur are dependent on the age o\ the patient. The temperature is 
more irregular, and the characteristic leucopenia of kala-azar in adults may 
be absent. The enlargement of the spleen, and the liver, witli distended 
superficial veins in fairly advanced cases, the irregular fever, pallor and 
aniemia, occurring in a child in an endemic area, make the diagnosis easier. 
Milo has used the globulin precipitation test and has invariably obtained 
positive results. The other biochemical tests, e.g., the globulin opacity and 
the formaldehyde tests, should be tried. Di Cristina and Caronia have 
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described a method of diagnosing infantile kala-a/ar by wliat they call the 
anaphylactic test. It is described as follows : — 

2-3 c.c. of scrum from a patient is mixed with 2 c.c. of culture of 
lA'isJuiuiuid on N N N medium. The mixture is kept at 37 ’ C. for one* 
hour, and then on ice for twenty-four hours. It is injected intravenously into 
a guinea-pig which has been immunized against culture of lA'ishnuinin by 
repeated subcutaneous injections. Reaction as shown by tremor, dyspiKva, 
paralysis of tiie sphincters, and even death, may l)e observed in c*ises of kala- 
azar, while with the serum of healthy children no such reaction is shown. 

The presence of Leisliman-Donovan bodies in the spleen, the liver, tlie 
bone-marrow, or in the periphend blood, clinches tlie diagm^sis of the 
ilisease. Careful examination of tlu* blood-smears from the peripheral blood, 
especially at the margins of the smears where the leucocytes collect in 
largest numbers, may show the presence of LcisJuiutiiitK It may be advan- 
tageous to constrict the finger by a ligature for some time before the blood 
is taken from it. Unfortunately the method is tedious, because often 
only very few parasites are present in the pei ipheral blood, and they may 
easily be overlooked. As the parasites are present inside the large mono- 
nuclear or polymorphonuclear leucocytes, these cells should be I'aiefully 
examined. The blood may be citrated with 4 per cent, solution of sodium 
citrate and centrifuged. 'I'lie deposit in the upper layer of the sediment, 
which consists mostly of leucocytes, [may be examined for the presence ol 
Lcislinidiiiii, 

Knowles and Gupta, using the following method, were able to show 
the presence of parasites in the peripheral blood in 67 per cent, of the cases 
they investigated. Four large drops of blood are placed one in each corner 
of a half-inch sc:[uare on a glass slide, and by means of a nec*dle or glass 
rod they are spread thickly and evenly, 'fhe slide is then dried at room 
temperature foi two hours, or in an incubate .r at 37 C. for one hour. The 
luemoglobin is removed from the smear by using a mixture of four parts of 
2I per cent, solution of acetic acid in distilled water, and one |)art of a 
2 per cent, solution of crystalline tartaric acid in distilled water. The smear 
is then fixed with methyl alcohol and, after thorough washing with distilled 
water, is stained. The LcisJitndtiia are found inside the large hyaline 
mononuclear or polymorphonuclear leucocytes. For other methods of 
preparing thick films .‘-ee y\j)pendix and Addendum. 

In the author’s experience, the smears made after puncture or excision of 
the lymphatic glands, as suggested by Cochran, have given negative results, 
it has also been suggested that the contents of aitificial pustules of the skin 
made by irritation and the leucocytes present in them, and scrapings from 
ulcers, should be examined. The results have been unsatisfactory in the 
author's hands. Hone puncture may give more satisfactory results, but it 
is not always easy and is rather painful, and a procedure not devoid of 
danger. The head of the tibia, the lowe: end of the femur, a rib or the 
sternum may be perforated and the marrow removed and examined for 
Lcishmauin, The removal of the bone-marrow may be facilitated by the 



/^/ao//()s/s and Differential Diagnosis 


«5 

use of a Irochar and cannula aided by an aspirator. Liver puncture has been 
advocated and is considered to be less dangerous than spleen puncture. But 
the results are not always positive, even in cases of kala-azar. 

The surest method of finding the Lcisluucuiia in the smears of tissues is 
by spleen puncture. 

A small all-glass hypodermic syringe of i or 2 c.c. capacity with a line 
hypodermic needle is used to enable one to draw enough of the spleen pulp 
to show the presence of parasites. It is advisable to give tlie patient 
10 to 15 grains of calcium cliloride half an hour before and after the 
operation. 'Vhc needle must be perfectly aseptic and dry, and the operation 
gently performed. 'I'he needle and the syringe, after being sterilized in oil or 
boiling water, are (hied with abscjlute alcohol which is afterwards blown out 
as much as possible with the aid of the piston, the last traces being allowed 
to evaporate. If there is any trace of water in the needle, then the parasites 
will burst and be distorted and thereby rendered unrecognizable, and the 
presence of alcohol may coagulate the blood and thereby block the needle. 
The patient should not speak or breathe after the needle has pierced the 
skin and has penetrated the spleen. The patient should lie on his back, 
and the needle should be inserted more or less perpendicularly. The insertion 
is made at a point where the spleen seems to be in greatest contact with the 
abdominal wall. It is always desirable to lix the skin of the spot to be 
punctured with two hngers of one hand. If much blood is drawn by the 
syringe, it is advisable t() exert digital pressure on tlie punctured spot for 
one-half to two hours, and to keep the patient absolutely quiet. 

Opinions differ as to the danger of spleen puncture. However simple the 
operation, and however slight the danger may be, it certainly does exist. In 
the early stages, when the spleen is soft and very vascular and the capsule is 
thin, the danger of luemon hage is great. On the other hand, in the later 
stages ot the disease the spleen is more friable, and a puncture may make a 
rent which may not close after removal of the needle, liesides, in this stage 
the coagulability of the blood is sometimes very markedly diminished, and 
this may increase the tendency to luemoi rhage. If, however, the precautions 
described are followed and one uses a fine needle and does not attempt to 
draw large quantities of blood, then the dangers of the operation can be reduced 
to a minimum. In cases where there is a luemorrhagic tendency and the 
coagulability of the blood is diminished, the operation should not be per- 
formed. The hitter condition can be recognized when the coagulation time 
for the peripheral blood of the patient is longer than five minutes. Other 
contra-indications are the presence of severe amemia, the red blood-corpuscles 
being less than two millions per cubic millimetre, severe cough, diarrheea, 
nausea, vomiting, presence of much ascites, or any condition in which there 
is much movement of the diaphragm. The possibility of the case being 
leukiemia or typhoid fever should also be borne in mind. In any case the 
operation should not be performed unless it is absolutely necessary. 

The absence of Lcishmania from spleen puncture does not absolutely 
exclude kala-azar. Christophers thinks that in certain stages of the disease 
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they are much reduced in number, and may be absent from certain portions 
of the spleen. It may liappen that microscopic examination of spleen 
puncture material does not reveal any LcisJuiiauid^ but a culture prepared 
from spleen tissue will show their presence. 

The culture of the parasites from the peripheral blood should always be 
undertaken in suspected cases, if there are facilities fordoing so. This method 
was successfully carried out by Novy, Mayer and Werner, Wenyon, Cornwall 
and others. Row has elaborated an “intensive nielhod” of cultivating the 
parasites. A few drops of blood from the linger are introduced directly into 
15 to 20 c.c. of citrated saliiie solution before any clotting has taken place. 
This diluted blood is then centrifugali/ed and the sediment of corpuscles 
planted directly into a suitable medium, e.g., X X X medium. In this way a 
growth of tlagellates may be obtained in about six days. The following 
moditication of his method gives very good results : — 

About a quarter of a cubic centimetre of blot)d from a vein at the bend of 
the elbow is |)ut into 20 c.c. of citrated salt solution (phvsiological saline 
containing 1*5 per cent, sodium citrate) ; the mixture is shaken gently and 
allowed to stand over-night in the cool incubator. As soon as the coiqmscles 
have settled to the bottom of the tube, the supernatant fluid is poured off, and 
the corpuscles are pipetted off with a capillarv pipette and transferred into 
the water of condensation at the bottom of X X X tubes, which aie then 
incubated at 22 C. In the case of splenic blood, the syringe is tilled with a 
few drops of the citrate solution mentioned above and the spleen punctured. 
The blood drawn is then mixed witli the ciliated saline inside the syringe, 
transferred to the X X X medium and incubated in the same way as the 
peripheral blood. Blood from a finger may be taken for culture instead of 
the blood from a vein. 

X.B. — To ensure a successful result, strict aseptic pi ecautions are necessary, 
as slight bacterial contamination kills the Liishnidiiid, though they have been 
found to grow luxuriantly with fungi. 

II. DIKFERENTIAL DIACiNOSIS. 

In the early stages, kala-a/ar may be mistaken for duihirid, iypho'ut or 
piiiii/ypJioid fcrcrs, or lidi illtts coli infection. Cases that begin with rigor and 
lever of an intermittent nature are likely to be mistaken for acute malaria. On 
the other hand, malignant tertian fever, in which the fever may be irregular 
and sometimes assumes a remittent type and may not be associated with 
rigor, is likely to be mistaken for kala-azar. 

In such cases the blood should be examined for malarial r)arasites and 
pigment-bearing leucocytes, and the effect of quinine must be tried. If the 
fever resists quinine administered orally for a week, in doses of 0*65 to l o grm. 
(10 to 15 gr.) per day, and has also resisted intramuscular and intravenous 
injections of quinine in 0*65 grm. (10 gr.) doses for a week, then it may be 
concluded that the infection is not malarial, and other diseases, among which 
one may include kala-azar, in an endemic area, should be suspected. 



Diaoiiosis and Diffe7'ential Diagnosis 


87 


It must not be forgotten that in some rare ciises there may be a double 
rise of temperature and marked leucopenia in malaria. Marked periodicity 
of the paroxysms of fever, and heavy perspiration towards the end, are more 
common in malaria than in kala-azar. Bleeding from the gums and epistaxis 
are more common in early cases of kala-azar than in malaria. A voracious 
appetite is a symptom in favour of kala-azar. 

Cienerally speaking, in the early stages the an;emia is greater in malaria 
than in adult kala-azar, while on the other hand, marked leucopenia occurs 
more frequently in kala-azar. The characteristic relative leucopenia of the 
disease, if present, is very helpful in diagnosis. On the other hand, the 
blood-picture may be somewhat as follows : 1 hemioglobin, 55 per cent. ; 
red blood-corpuscles, 3,200,000 ; white blood-corpuscles, 5,000. Such a 
blood-picture may tit very well with a c.ise of early kala-azar just as much 
as it may lit with malaria. The globulin tests should help in the diagnosis. 
'Idle smears from spleen puncture material should be examined for Leishman- 
Donovan bodies, a peripheral blood-culture and spleen blood-culture should 
be made for tlagellates, if there are facilities. 

Careful examination of the temperatuie chart should be made. A marked 
double rise of temperature continued for days, with tachycardia, which is 
persistent during periods of apyrexia, points to kala-azar. Early oedema 
associated with slight enlargement of the spleen, in the absence of nephritis 
and amemia, is more frequent in kala-azar than in malaria. 

Early and acute cases may be mistaken for lyplioiil fever. The characteristic 
step-ladder-like temperature may be absent in a case of typhoid, just as the 
double rise of temperature may be absent in a case of kala-azar. Double 
rises of temperature may rarely be present in cases of typhoid, especially in 
children. 

Generally speaking, there is no great disturbance of the nervous system in 
kala-azar. Leucopenia and relative increase of lymphocytes may be present 
in both the diseases. A positive Widal reaction in dilutions of 1 in loo goes 
much in favour of typhoid. It must, however, be remembered that the blood 
in the early typhoidal stage of Indian kala-azar may give a partial or rarely 
a completely positive Widal reaction, probably due to a double infection. 
In the case of infantile kala-azar, Cannata never found the reaction positive. 
On the other hand, a positive Widal reaction may be absent, though rarely in 
undoubted cases of typluhd. 'Fhe enlargement of the spleen is more marked 
in kala azar. In doubtful cases blood-cultures help to contirm a diagnosis. 

Pariilyphoiii fevers are frequently mistaken for kala-azar. Severe consti- 
tutional symptoms are likely to be absent in both these diseases, and the spleen 
may be considerably enlarged in them. Shivering may be present in 
early stages of both the diseases. 

Although paratyphoid fever generally lasts for a fortnight, it sometimes 
lasts iov two or three months, or even longer, and may be thus mistaken 
for kala-azar. Positive Widal reaction for paratyphoid (A or B) goes in favour 
of paratyphoid fever. 

Another disease for which kala-azar is likely to be mistaken in its early 
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stage is Bacillus coli infection. The irregularity of the temperature curve, and 
the occurrence of rigors with high rises of temperature, sometimes more 
than once during twenty-four hours, may take place in both diseases. The 
difficulty in diagnosis is specially likely to happen during pregnancy or in 
the puerperal state, in which the characteristic relative leucopenia of kala- 
a/ar may be absent. The presence of marked leucocytosis goes in favour of 
Bacillus coli infection. In doubtful cases the spleen should be punctured or 
a blood-culture made for flagellates, in order to confirm the diagnosis. 

Aculc tuberculosis may be associated witli leucopenia, enlargement of the 
spleen, and remittent type of fever, and there may be no physical signs of 
tuberculosis in the lungs. In acute tuberculosis, dyspnoea, cyanosis and 
choroidal tubercles are likely to be present. Generally speaking, symptoms 
of tuberculous meningitis show themselves, and cerebral syniploms are more 
marked in this disease than in kala-azar. 

In chronic cases of kala-azar, low intermittent fever may lead one to 
suspect chronic luhcrculosis, especial Iv in a patient who is markedly wasted, 
and has been sutt'ering from obstinate diarrhcea or dysentery. In addition 
the bronchitic symptoms, which are oflen present in the later stage of 
kala-azar, may suggest chronic tuberculosis, or kala-azar complicated by 
tuberculosis. Tuberculosis in which the spleen is enlarged may be mistaken 
for kala-azar. 

Tuberculous infection slu)uld be suspected in a case of kala-azar, il during 
antimony treatment the fever changes to a hectic type and there is no 
improvement in the patienfs general condition, in spite of disappearance of 
leucopenia and appearance of leucocytosis and subsidence of splenic and 
hepatic enlargements. In such cases a careful examination fora tubercular 
focus in the lungs or elsewhere should be made. 

In chronic case.s the temperature curve of Ai r/ inay resemble that 

of kala-azar, so that there may be difficulty in the diagnosis in localities where 
both diseases occur. Generally speaking, the spleen in Malta fever is not 
so much enlarged as in kala-azar, and the liver is hardly enlarged in it. 
Constipation and heavy sweats are fairly constant symptoms in Malta fever, 
while haimorrhages, (edema, pigmentation of the skin and leucopenia are 
absent in this disease. There may be slight leucocytosis. The serum test will 
be of great help in diagnosis, and the intimate relationship of the disease with 
the use of infected goat’s milk may be of help in establishing the diagnosis. 
Anaania is more marked in kala-azar. Malta fever runs a much milder course 
than kala-azar. 

Tryfaiiosoiuiasis and kala-azar may be difficult to differentiate in those 
laie places where the two diseases occur. Irregular fevei* with periods of 
apyiexia, the presence of cedema and enlargement of the spleen, amemia and 
increase of mononuclear leucocytes, are common in both diseases. Poly- 
adenitis and the piesence ol trypanosomes in the puncture material from the 
enlarged lymphatic glands, or in the cerebro-spinal fluid, or in the peripheral 
blood, conlirm the diagnosis. It must, liowever, be noted that enlargement 
of the lymphatic glands in kala-azar, though not common in India, has alM) 
been observed in other affected areas. 
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In later stages kala-azar may be mistaken for chronic nialariiiy tiihcrciilosis^ 
nnillilohnhir cirrhosis of ihc liver, Mnlfn fever, Bn nils disense, and g'nerally 
diseases IhnI are associated 'with lo'w fever, amvniia xvithont tencocytosis and 
chronic sflenoniegdw In nialariat cachexia, as in kala-azar, the temperature 
may not be higher than 37*5 'C. (99*5'^ K.) for many days. In most eases, 
howevei’, the eharacteristic temperature curve can be made out, as well as the 
presence ol malarial parasites in the blood and the characteristic action of 
cjiiinine. It may be stated that an enlarged spleen which is soft, even after an 
illness of many months’ duration, and which has become enlarged rather 
c|uiekly, and has been steadily enlarging during apyrexial periods, or without 
anv febrile exacerbations, is an indication of kala-azar rather than malaria. 
Although the spleen may become hard in chronic cases of kala-azar, yet 
some of the hardest and biggest spleens are found in malaria. If the spleen 
reaches up to the navel, during a course of illness of not more than two or 
three months, tlie diagnosis is more in fav’our of kala-azar than malaria. 

'file borderland cases between kala-azar and malai ia present the greatest 
dirticulty in diagnosis. Not infrequently one may meet with cases with the 
following blood pictui e : Red blood-cells, 2,500,000 ; white blood-cells, 3,000 ; 
hicmoglobin, 30 per cent. Such a blood-picture may be [^resent in both malaria 
.ind kala-azar. In such cases marked diminution in the number of the poly- 
morphonuclear leucocytes is an indication of kala-azar. In these cases a 
sideen puncture should be made after administration of calcium chloride, 
and a culture should be made from the splenic juice and {peripheral blood 
on N X N medium foi tlagellates, if there are facilities. The globulin tests 
should be made. Bleeding from the skin and mucous membranes, and 
di'.turbances of the alimentary canal are more common in kala-azar than 
in malaiia, especially in the case of children. 

.Archibald has observed that intestinal sehislosoniiasis caused by Schislosonia 
niansoni may produce fever ass(Pciated with splenomegaly. In such cases one 
should look for leucocytosis and examine the stools for the presence of the 
characteristic ova. 

Anhylostoniiasis may be associated with lever and sometimes, according to 
certain obse’’vers, enlargement of the spleen without leucocytosis. The 
presence of eosimpphilia, the blotting-paper tongue, the presence of worms 
and their ova in the stools, should make the diagnosis easy. This disease may 
be a complicating factcpr in kala-azar, and in cases where there is extreme 
amemia, its presence should be suspected. 

U isloflasniosis, a rare disease described by Darling, closely resembles kala- 
a/.ir of adults in its symptoms, which include irregular fever, enlargement of 
the spleen and liver, severe amemia and leucopenia. The causative organism, 
which was considered by Darling to be a protozoon, has been shown by 
K*ocha-Lima to be a yea^t-like body belonging to the cryptipcocci. 

Toxoflasniosis, another rare disease first described by Castellani, may 
resemble kala-azar in its symptoms. The disease was supposed by Castellani 
to be due to a parasite described as 'foxoflasnia pyrogiies. Wenyon holds 
that no such parasite exists. Probably the cases described by Castellani were 
cases of kala-azar. 
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Maliiliuiiit ilist'iiSL’s of tin' abdomen may be associated witli chronic 
irregular fever, and if not carefully examined may be mistaken for kala-a/ar. 

The possibility of the occurrence of Banlfs disease in the endemic areas 
of kala-azar should be borne in mind. There is a record of a museum 
specimen of a spleen removed for Banti’s disease, in which abundant kala- 
azar parasites were subsequently found. The common symptoms ol the 
two diseases are gradually increasing enlargement of the spleen, aniemia, 
leucopenia (average leucocyte count 3,500) with ha?morrhages, a tendency 
towards dev^elopment of ascites, a progressive cachexia and a giadual down-hill 
course. In Banti’s disease, however, one observes absence of the characteristic 
double rise of temperature. The history of frequent luematemesis, the 
extraordinarv chronic course of the disease lasting foi' ten or twelve years 
with an enlargement of the spleen, which may not cause any discomfort, the 
devcloi)ment of jaundice with ascites in the late stage of the disease, and the 
absence of Leishman-Donovan bodies in the spleen help in its diagnosis. It 
is very important that a careful differential diagnosis be made in suspected 
cases in endemic areas of kala-azar, as early removal of the spleen in Banti's 
disease may lead to complete recovery. 

Pernicious aiuiniia may sometimes be associated with leucopenia .ind 
enlargement of the spleen, but the high colour index, the large number of 
nucleated red corpuscles, and the clinica.l course should enable one to 
distinguish the disease from kala-azar. 

IIod;^kin's disease may be confused with kala-azar. Some of its symptoms 
are, low pyrexia with enlargement of the spleen, severe ainemia of tlie chlorotic 
type in late stages, some relative increase of the lymphocytes with propor- 
tionate diminution of the polymorphonuclear leucoeyte>. Sometimes there 
may be recurring attacks of pyrexia, and there is enlargement of the abdominal 
glands only. In such cases the disease may be possibly mistaken for kala-azar. 
(ienerally speaking, only a moderate enlargement of the spleen with marked 
enlargement of the lymphatic glands is a characteristic feature of the disease. 
Presence of Leisliniaiiia should establish the diagnosis. 

Mnlfilobnhir cirrhosis 0/ ihe liver may be mistaken for kala-azar cirrhosis. 
In both there is ascites, hardening of the liver, and there may be leucopenia. 
(Generally speaking, there is no history of fever in multilobular cirrhosis. 
'The enlargement of the spleen is much greater in kala-azar. In doubtful 
c ases spleen puncture should be performed with very great care. 

Snhacnie uleeraiive endocardiHs with fever and enlargement of the spleen 
is diagnosed from kala-azar by the presence of cardiac signs and symptoms, 
and absence of leucopenia. Leucocytosis and optic neuritis, if present, are 
much against a diagnosis of kala-azar. Cases in which there is absence of 
cardiac symptoms and signs may present difficulty in diagnosis. In all 
suspected cases a blood-culture should be made for infecting micro-organisms 
of ulcerative endocarditis on the one hand and for flagellates on the other. 
Positive results will help in the diagnosis. Negative results are not so 
diagnostic, especially in the case of ulcerative endocarditis. 

Lenkannias are easily differentiated from kala-azar by the presence of high 
leucocytosis. 



TABLES OF DIFFERENTIAL DIAGNOSIS. 

TABLK I.— Kala-azar and Malaria. 


(i) (*) (3) 

Fever F*ilood examination Spleen 

Kala • azar in Characteristic L.-L). bodies, if Rapid marked | Frequently en> L.-D. bodies fre* 
early stages double rise of found in the enlargeme n t l larged ^iiently found 

temperature, gen- peripheral blood, of the spleen I in the smear 

erally remittent, diagnostic. A from spleen 

sometimes inter- pnigressive leu- puncture, may 

mittent with sin- copenia more be found in 

or double marked than in the smear from 

intermission dur- malaria. Ratio liver puncture 

ing 24 hours. of W.B.C. to 
Long -continued K.B.C. may be 
double rises dur- i to 1,500, or 
ing 24 hours less. Culture 
are suggestive of | of peripheral 
kala-azar. Ri- [ blood on NNN 
gors not SO! medium shows ! 
common | leishmania. Re- 

: lative increase 
j of lymphocytes j 
I or rarely large ; 

I mononuclears ! 

Acute malarial Characteristic One or other Spleen less Not much en- Malarial para- 
fever curve of one or forms of mala- quickly en- larged early sites present in 

other varieties of rial parasites larged than in thedisease, the smears 

malarial fever. present, if blood in kala-azar though hepa- 

In double tertian is examint d be- tic tenderness 

or malignant ter- fore quinine has is not infie- 

tian infection, been adminis- quent 

fever may be lered or after 

quotidian. In quinine has 

multiple or malig- been stopped. i 

nant tertian in- Ratio of W.B.C. ' 

fection, it may i to K.B.C. more 

be remittent. In ; than i to 1,000. 

the case of the i Rarely, it may 

latter, double be less. Pig- 

rises of tempera- mented leuco- 

lure, if present, cytes present j 
are not long ■ 

continued. The | 1 

tendency to sud- ! 

den high rises | ' 

of temperature is j 

specially to be ex- j 

pected in malaria. ' | 

Rigors more' i 1 i 

common i | 1 


I 

( 0 ) 

Jaundice 

(7) 

Appetite 

(8) 

Early oedema 

(y) 

Quinine test 

Globulin test j 

(■I) 

Aldehyde test 

Kala-azar in 
early stages 

Rare 

! 

Good in 
many cases 

May some- 
times be 
present 

No eft'ccl 

Frequently ! 
' positive 1 

1 

! May be 
positive 

Acute mala- 
rial fever 

Slight icte- j 
roid tint is | 
not uncom- 
mon 

Generally 
bad j 

1 

Not present 

Quinine .stops the 
fever generally 
after oral ad- 
ministration. 

' Rarely quinine 
may have to be 
given intramus- 
cularly or intra- 
venously before 
fever stops 

Almost j 
always 
negative 

Almost 

always 

negative 

1 

i 



(5) 

Spleen and liver 
imncturr 
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In addition to many of Ihe diseases mentioned above, infantile kala-azar lias 
to be differentiated from diseases of children associated with enlargement of the 
spleen. One of these is iiifu utile cirrhosis of the liver. Its features are enlarije- 
ment of the spleen and liver, irregular rises of temperature, es[)ecially in the 
early morning, early appearance of ascites and marked jaundice, leucocytosis 
and absence of Leishmania in the spleen. On the other hand, a case in a 
child with slight ascites and enlarged spleen and liver, with a history ol pro- 
longed fever without much change in the leucocyte count, may be mistaken 
either for kala-azar or infantile cirrhosis of the liver. 


TABLE II.— Kala-azak and Tvphoid Eiwicit. 



1 

(0 

; Fever 

(••) 

lUood rxainiiialioii 

(?) 

S|)leen 

' (-1) 

Liver j 

(.0 

U»n>;.s 

Kala - azar in 
early stages 

See Table I. 

.See Table I. 
Widal react itm 
negative 

See Tabic I. 

See Table I. | 

Bronenitis gene- 
rally absent 

Typhoid fever 

; Step - ladder - like 

Widal reaction — 

Enlarged but 

Only slight i;n* 

Bronchitis fre- 


rise of tempera- 

positive after 10 
days’ illness. 

not so rapidly 

largement 

(juently pre- 


ture and a char- 

marked on- 

may he prt- 

sent. Also 

1 

1 

acteristic course. 
Rogers lays 
stress upon high 
continued fever 
specially in the 
Second week. He 
regards this as 
diagnostic of thi.s 
disease. Rigors 
not common i 

Leucopenia not 
so marked, ex- 
cept in some 
cases towards 
late convales- 
cence. Blood- 1 
culture ni a y 
show typhoid 
bacillus even 
after 2 or 3 
days’ illness j 

largement 

sent 

broncho 'jineu- 
monia may be 
present 


(6) 

, EtTily or d Vina 

i 

( 7 ) 

Constitutional 
and geiu-ral 
synipioiiis 

i 

1 (8) 

1 AtMluminal symptoms 

1 

(g) 

I )la/o 
rr;i(;ti<»ll 

! 

(ic) 

I'lilse 

1 

! (II) 

Aldeliyde test 
uikI 

utglmlin lest 

Kala-azar in 

See Table I. 

Generally not 

1 (i ene ra 1 1 y not 

Absent 

Eiequenlly 

j Sec Talile 1 . 

eaily stages 


present in 

marked in the or- 


(|uick from 




the oidin- 

1 dinary type of the 


1 the very 




ary type of 

disease. Ilicmo- 


beginning 




the disea.se 

irhagc from the 

! 

anti m.'iy be 





bowels rarely pre- 


out of pro- 

1 




sent. Tongue 


portion to 





generally clean 


the temper- 






ature i 

j 

1 

I’y[)hoid fevet ^ 

Not present iClenerallypre- 

Fairly marked in 

Frequently 

.Slow in com- 

Almost 

unless com- 

1 sent in the 

the ordinary cases. 

[iresenf 

parison with 

always 

plicated by 

! ordinary : 

I hemorrhage horn 


ihetemper- 

negative 

nephritis 

! moderately | 

the bowels more 


j atuie, fre- 



1 severe cases i 

common. Tongue 


quently di- 




dry and cracked 


crotic. At- 




in severe cases. 


ropine test 


! 


Sometimes coated 


(M arris) 




or furred in the 


positive, 




centre with red tip 


specially in 




and edges 


the second 






week 
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TABLE III. — Kala-azak and Paratyphoid Fever. 



l-'ever 

blood exiiniinution 

Spleen 

Karly cedenia 

Pulse 

Aldehyde test 
und 

glubuliii test 

Kiila azar in 
early stages 

See Table I. 

.See Table 1. 

Widal reaction 
for paratyphoid 
bacillus (A or B) 
negative 

See Table 1. 

See Table I. 

See Table II. 

See Table I. 

Taratyphoicl 

lever 

i 

1 

1 

1 

Course of 

the fever . 
generally a 
fortnight 

i 

Widal reaction 
for paratyphoid 
bacillus (A or B) 
positive after 
the fever has , 
lasted for todays i 
or more. No j 
marked leuco- | 
penia. Blood- j 
c u 1 1 u r e may i 

Enlarged hut 
not so rapid 
enlargement 

i 

! 

Not present 

May be slow 
in conjpari- 
.son with the 
temperature. 
Atropine test 
(Marris) posi- 
tive, specially 
in the second 
week 

Almost 

always 

negative 


show the growth ' 
of paratyphoid ! 
l)acillus(Aor B) , 


Rickets ill children may sometimes be associated with much enlargement 
of the sjdeen and the liver and, in the absence of definite signs of the disease, 
might be mistaken for kala-azar. Generally speaking, the characteristic 
changes of the bones in the disease, leiicocytosis, and absence of disproportion 
between the polymorphonuclears and lymphocytes, are of diagnostic value. 

SplaiL^nicgilic cirrhosis of the Irccr t)ccurs in children or young people. 
It is characterized by marked enlargement of the spleen, slight enlargement 
of the liver, amemia without leiicocytosis, haematemesis, jaundice, clubbing 
of the lingers, and stunted growth. A careful study of the symptoms will 
help in differentiation of the two diseases. 

lufdutilc sflciionicgily without lA'ishnuuiiii, as observed by Nicolle and 
others, occurs in Mediterranean countiies and in the Sudan. It is characterized 
by pyrexia and enlargement of the spleen and the liver, and the absence 
of parasites. 

llauofs cirrhosis (also called hypertrophic biliary cirrhosis) may be 
mistaken for kala-azar. It occurs frequently in children and lasts for several 
years. It is characterized by enlargement of the spleen and the liver, sudden 
rises in temperature, attacks of pain in the hepatic region, stunted growth, 
clubbing of the lingers, the late appearance of ascites and a tendency to 
Inemorrhage. The history of marked jaundice for years, without any marked 
illness, and presence of leiicocytosis and absence of Lcishnidiiia^ are indications 
that the disease is not leishmaniasis. 

Coii^cnitdl syphilis may be associated with enlargement of the spleen. 
The absence of Lcishnidiiid^ the family history, the consideration of other 
symptoms and the Wassermaim reaction, will differentiate the disease from 
leishmaniasis. 
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Infantile pscndolcnka'niia (von Jaksch's disease) may pwent difficulty in 
diagnosis in an endemic area of kala-azar. It affects chmiren under two 
years of age. The symptoms are hiemorrhage from the mucous membranes, 
periodic attacks of fever, enlargement of the spleen and the liver, and ascites. 
The blood-picture shows marked anaMiiia with low colour index, generally a 


TABLE IV. — Kala-azar anh Gknkkai. Tuberculosis. 



( 1 ) 

t ever 

1 . 

1 IMood cxuniinutiuii 

1 ■ ^ 

1 

.Spleen 

i 

( 4 ) 

I.UI1{;.S 

(s) . 

Constitutiuiial 

symptoms 

Kala-azar in 
early stages 

See Table I . 

' See Table 1. 

1 See Table I . 

1 

Bronchitis gener- 
ally absent 

.See Tab’c 11. 

Acute general 

Irregular fever. 

There may be 

1 May be enlarged, 

There may be dif- 

Torpor and dull ■ 

tuberculosis 

There may 

leucocytosis, 

but is neither so 

fuse bronchitis. 

ness gradually 


be an inverse 

though leuco- 

early nor so 

R(‘sj)iration in- 

deepening 


type of tern- | 

penia is more : 

markedly en- j 

creased in fre- 

into coma. 

i 

perature 

common, rarely ! 
tubercle bacilli | 
may be culii- , 
vated from the j 
blood 1 

larged as in j 
kala-azar. In ! 
children some- 
times m^y he 
much enlarged ; 

i 

j 

quency, specially 
in the early stpge. 
There may be 
signs of broncho- 
pneumonia. Cy- 
anosis may be 
present. Sputum 
may show tubercle 
bacilli 

There may 

be active de 
lirium 





_ 

. 


! , . (S) 

I Dia/o rcacti»in 
and 

i tuberculin test 

<7) 

Lumbar puncture 

(8) 

1 ongue 

; (n) 

j jaundice 

do) 

Ophthalmoscopic 

examination 

1 (1 0 

1 Aldehyde test 
! and 

! Riobulin test 

Kala-azar in Absent 

early stages 

Negative 

j i 

Generally 
not dry 

Rarely present 

1 1 

Nothing 

almormal 

See Table 1 . 

Acute gene- May be 

ral tubei positive 

culosis 

There may be 
tubercle bacilli ; 

Mote com- 
monly dry 

; May be pre.sent 

1 

1 

Choroidal tu- 
bercles pre- 
sent 

Absent 


1 .ABLE V. — Kala-azar and luifi/ius coii Infrci ion. 


UluoU examination Karly axlcm:i j Spleen and liver l^rini? 


Kala-azar in j Sec table 1 . See Table I. May be present ' Generally en- Nothing; peculiar 
< arly stages i ; larged 


Hactllus Irregular tempera- Well-marked 

infection ' lure curve. Fre- leucocytosis 

quent severe ri- 
gors with rapid 
high rise of tem- 
I perature, some- 
I times more than 
once in 24 hours. 

Sometimes the 
temperature re- 
sembles that of 
j typhoid 


Absent Not enlarged ; Acid, frequently 
opalescent. Motile 
; rod-shaped bac- 
teria present in the 
urine. Culture 
shows pure growth 
of Bacillus coli. 
May contain pus. 
Symptoms refer- 
able to the urinary 
system generally 
I present in long- 
i standing cases 


TABLE VI.— Kala-a/ar and Chronic Mai-aria. 


, (l) 

Fever 

( 2 ) 

blood examination 

(3) 

spleen 

(4) 

biver 

. ^5) 

.Spleen and liver 
puncture 

■ _ “ 

Kala-azar in May be low coii- 

L.-D. bodies if 

Generally much 

Enlarged and 

L.-D. bodies fre- 

its chronic tinned or inter- 

found are diag- 

enlarged. A 

sometimes much 

quently found 

state mittent rising 

nostic. A pro- 

moderately 

enlarged. Cirr- 

on spleen 

to 99° or ioo°. 

gressive leiicope- 

enlarged 

hosis of the 

puncture. 

There may still 

nia. Leucocyte 

spleen with 

liver with its 

They mayalso 

be tendency to- 

count frequently 

oedema which 

attendant sym- 

be found on 

wards double 

al)out 2,500, may 

cannot be ac- 

ptoms may be 

liver puncture 

rise. Rigors — 

be Soo. Ratio 

counted for 

present in some 


rare 

of W.B.C. to 

by any heart 

ca.ses. It is 



R.B.C. may be 

or kidney di- 

generally firm 



I to 1 , 500, or even 

sease is sus- 

and hard. En- 



less. Culture of 

picious of 

largement of 



peripheral blood 

kala-azar 

the liver is more 



shows leishma- 


marked in kala- 



nia. Increase of 


azar than in 



lymphocytes 


malaria 



more common 




Chronic Characteristic! 

One or other forms ! 

.Spleen may be 

Liver may be 

Malarial para- 

malaria curve of one or 

of malarial para- 

much enlarged 

enlarged, but 

sites may be 

other varieties , 

sites present, ; 


generally there 

found 

of malarial fever. 

if blood is exam- ! 


is no cirrho.sis 


In some cases 

ined before qui- 


of the liver in 


the temperature 

nine has been 


malaria 


may be low for i 

administered or 




(lays not going 

after quinine has 




above 99 ’5 

been stopped. 

i 



There is, how* 

Generally speak- 

1 



ever, a tendency 

ing, the ratio of 




towards sudden , 

W.B.C.to R.B.C. 




high rises of 

is greater than 




temperature i 

I to 1,000; .some- 




even in these 

times though it 




cases from time : 

may be less. Leu- 




to time. In 

copenia generally 




some cases the 

not so marked as 




i fever may be of 

kala-azar. Pig- 




1 an irregular type. 

mented leucit- 

i 

1 


Rigors — more 

cytes present. 




common 

Increase of large 





m o n o n u c I ears 
more common 


i 



(6) 

.Appetite 

(7) 

Quinine test 

(S) 

Skin and Kencr.1l 
.ipju:ar;ince 

(9) 

ITrine 

(«o) 

.\Idchydft test and 
globulin tests 

Ivala-azar in 
its chronic 
stage 

Good in many 
cases 

No effect 

Teculiar, shining 
stretched ap- 
pearance of 
skin. Wasting 
— marked 

Slight albu- 
minuria with 
u r obilinuria 
is diagnostic 
(Knowles) 

j Frequently 
positive 

Chronic 

Generally marked 

Quinine generally 

Peculiar pale yel- 

Albuminuria 

Frequently 

malaria ; 

loss of appetite , 

i 

1 

stops fever after 
oral administra- 
tion for a suffi- 
cient length of 
time. Rarely, 
quinine may have 
to be given intra- 
muscularly or in- 
t ravenously be- 
fore fever stops 

low tinge in 
.skin. Wa.sting 
less marked . 
Marked anemia 
without much 
wasting is sug- 
gestive of ma- 
laria 

! 

not common 

negative 

I 
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TABLE VII.— Kala-azar and Mama Fever. 



IT , ! Blood 

examination 

Spleen and 
liver 

Joint sj'mplom.s 

Serum test 

Culture from 
blood and 
urine 

Kala-azar in 
its chronic 
stage 

See Table VI ' See Table VI 

' 1 

1 

1 

See Table VI 

Not present 

Serum does not 
agg 1 u tinate 
emul.sion of 
A/, melitensis 
in proper di- 
lution 

No growth 
(»f M, me- 
liUnsis 

Malta fever 

1 

There arej There may 
waves of in- be s 1 i g h t 

ter m i s s i 0 n i 1 e u c o c y- | 
and of more tosis 

or leiis py- ! , 

rexia of vari- ; | 

able length 1 

! i 

May be en- 
larged but 
generally 
not so 
much as in 
kala-nzar 

An acute or 
subacute ef- | 
fusion may 
take place 

suddenly into 
one or more 
joints, with- 
out any appa- 
rent reason j 

1 Serum agglu- 
1 tinates emul- 
sion of i\L 
meliUnsis in 
projier diln- 
lion 

1 

1 

(irowth of 
M. tneli- 
tens i s 
from blood 
and uiine 


TABLE VIII.— Infantile Kala-azar and iNKANrri.K Biliary Cirrhosis. 


Kala-azar in | Sec Table VI 
its chronic i 
stage 



Infantile 
biliary cir- 
rhosis 


Low fever Leucocytosi.s 
generally! frequently 
rising to- marked 
wards early 


morning 


! 


.Spleen and liver 


Spleen and 
liver piinctuie 


I Aldehyde test 
JaundiLi and globulin 
rests 


I 


(Jenerally spleen is | See Table VI Rare 
enlarged out of \ 
proportion to en- 
largement of liver. I 
lAvcr not so hard ' 
and enlarged in ■ 
the beginning as | 
in infantile biliary j 
cirrhosis 


Positive 


Liver enlarged out 
of proportion to 
enlargement of the 
spleen, which may 
not he enlarged in 
some case.s. Liver 
enlarged, hard and 
irregular from the 
beginning and as- 
cites may he early *, 
it is frequently 
marked in ad- 
vanced cases 


Negative 


I Very marked 
anti early 


Negative 


leucocytosis, especially lymphocytosis, niiclcated red cells, megaloblasts and 
cells containing intensely polychromatophilic cytoplasm. 

Siilfs disease is a disease of children, associated with f^encral destructive 
affections of the joints, enlargement of the spleen and lymphatic glands, 
emaciation, anicmia, and a tendency to pigmentation. The di.sease in its 
developed stage is unmistakable, owing to the condition of the joints. 

Gancliers type of splenomegaly is a familial disease which starts early 
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in life and rims a chronic course. It is characterized by enlargement of the 
spleen followed by that of the liver, but there is no jaundice, ascites or 
discoloration of the skin. When anjcmia and leiicopenia are marked, il may 
be mistaken for kala-azar. The more chronic course of the disease and the 
absence* of Lcislnnania should confirm the diagnosis. 

Pscuiio-kala-azarSy as defined by Castellani, are ** febrile or afebrile diseases 
which resemble kala-azar, in that they are associated with splenomegaly, 
anaania and often emaciation.” They are differentiated from kala-azar by 
absence of Lcishnuuiia, Rogers holds that malaria and kala-azar account for 
all the coniiiK)!! cases of splenomegaly in Bengal. The author has met with 
a large number of cases of splenomegaly without LrisJnuauin or malarial 
parasites. The cpiestion arises as to whether some of these are sequel.'c of 
kala-azar in which LcisUifinnia have disappeared from the spleen or exist in 
some undiscovered phase. The possible existence of another undiscovered 
causal micro-organism is also unproven. 

Cases of ijhscitre aucvitiia icitli adcnia, without enlargement of the spleen, 
in an endemic area, should have their blood properly examined, as such cases 
are sometimes due to kala-azar. 

The various causes of enlargement of the spleen are quoted below from 
French’s Index of Differeniidi Diogiiosis : — 

“ I. Chronic enlargement of the spleen. 

“ (d) IV/;v Greaf EnlargeinenL — Spleno-medullary leukinmia, lymphatic 
leuka’mia, mixed leukicmia, chronic malaria, kala-azar, splenomegalic 
polycythicmia, splenomegalic cirrhosis, splenic anjcmia, pseudo-leukccmia 
infantum, Cancher’s disease, Still’s disease, familial acholuric jaundice, 
Egyptian splenomegaly. 

“ (h) Moderdte Enldrgcnient. — All conditions mentioned in group (rt) will at 
some stage exhibit a spleen that has not yet become enormous ; and besides 
these, chronic and moderate enlargement of the spleen mav be exhibited 
in cases of pernicious aiiicmia, rickets, congenital syphilis, Hodgkin’s 
disease, cirrhosis of the liver, lardaceous disease, thrombosis of the portal 
vein, pressure on the portal vein by enlarged lymphatic glands or by 
adjacent tumour of the gall-bladder, liv^er, pancreas, stomach, &c. 

II. Acute enlargement of the spleen, the enlargement as a rule being slight. 

“ (^0 Acute infective fevers. — Specially typhoid fever, paratyphoid fever, 
relapsing fever, typhus fever, malaria, Malta fever, erysipelas, septicaemia. 
Less often in pneumonia, diphtheria, scarlet fever, small-pox, rheumatic fever, 
influenza, general tuberculosis. 

{h) Embolism, specially in cases of fungating endocarditis. 

*‘(0 Injury. 

(d) Strangulation by twisting of the pedicle.” 

To the above list of acute enlargements, kala-azar has to be included. 

It will be noted that no mention is made of abscess, gumma, or tumours 
of the spleen, as they are very rare, nor has mention been made of 
causes of backward pressure, such as chronic valvular heart diseases with 
failing compensation. The latter rarely produce splenic enlargement, except 
in children. 
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CHAPTER XIII. 

PATHOLOGY. 

Shortt has observed that in experimentally infected monkeys there some- 
times occurs an acute and fatal type of the disease. Generally the disease is 
chronic in these animals. 

The liver is slightly enlarged and fatty, and parasites are present in the 
endothelium of the finest capillaries, blood sinuses, and also in the Kiipffer 
cells. The spleen is considerably enlarged, the Malpighian corpuscles are 
prominent, there is hyperplasia of the endothelial cells, and their distension 
by the parasites may sometimes be so great as to appear to occlude the lumen 
of the sinuses. 

Parasites are also present in the spleen inside large macrophages, poly- 
morphonuclear and occasionally eosinophile leucocytes. The bone-marrow 
is dark in colour, because the yellow marrow is replaced by red marrow. 
The parasites are found in the same cells as in the spleen and liver. 
The bone-marrow contains the largest number of parasites. There is a 
preponderance of giant cells in this tissue. In the testes, parasites were found 
by Shortt in largest numbers in the interstitial cells of Leydig, but they were 
not found in the endothelium of large vessels. In the lungs and kidneys 
parasites have been found in the endothelial cells. 

In experimentally infected mice the spleen is always enlarged, and par.isites 
are found in the spleen, liver, bone-marrow, and the testes. In experimentally 
infected dogs, the splenic enlargement is not so marked as in monkeys. The 
parasites have been found in the spleen, bone-marrow, liver, lungs, mesenteric 
glands and kidneys. 

Meleney has studied the changes present in artificially infected hamsters. 
In these a specific tissue reaction occurs in the form of endothelial pro- 
literation, forming masses of ‘‘ clasmatocytes ” heavily parasitized. In definite 
patches of clasmatocyte tissue, the most striking thing is the slight degree to 
which the cells are parasitised. Most of them contain a few or moderate 
number of parasites, but some cells, particularly in the centres of the cell 
masses, contain none. At the periphery some may be crowded with parasites. 
Wherever fat appears, single clasmatocytes, heavily parasitized, are scattered 
through it. Fhe chief organs affected are the liver, spleen, lymph nodes and 
bone-marrow. He considers that in advanced infections the parasites also 
attack the parenchymatous cells of the liver and adrenal cortex, extensive 
degeneration of the liver occurs, and infected “clasmatocytes" appear in 
practically every organ and tissue, the stroma of the intestinal mucosa being 
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the site of massive acciimulalioii of those cells. Tlie most favourable sites 
for the localization of the parasitized clasmatocytes are the ref^ions where 
loose areolar tissue is associated with ^ood vascularity. 

In one case Wenyon found flagellate forms in the spleen of a dog infected 
with leishmania from a case of Indian kala-azar. There is no evidence that 
the leishmania exist in flagellate forms in the infected host, with this single 
exception. In another case, Maitra found, in a film made from the peripheral 
blood of a case clinically diagnosed as one of kala-azar, flagellates of the 
leptomonas type. The slide containing the flagellates was subsequently 
shown to the author. As the flagellates were found in only one of the films 



made at one and the same time, the possibility of the film having been 
contaminated cannot be excluded. 

The process of infection in kala-azar probably takes place in the following 
way (Christophers) : The pathogenic micro-organisms are taken up bv or 
invade the endothelial cells in the visceral or other capillaries, e.g., of granula- 
tion tissue. The endothelial cells (macrophages) increase in size and become 
more and more distended, due to the proliferation of the parasites within their 
cytoplasm, and subsequently become converted into mere bags filled with 
large numbers of the parasites. Kventually such cells rupture and the 
parasites are set free, to be taken up again by other endothelial cells, poly- 
morphonuclear or mononuclear leucocytes, and carried to the peripheral 
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circulation. It was Christophers who first showed that the disease appeared 
to be essentially an infection of the vascular endothelium and resembled 
chronic septicaemia. The author holds that probably it is principally of the 
nature of an infection of the reticulo-endothelial system distributed in the 
different parts of the body, and especially of the spleen, liver and bone- 
marrow. The enlar^^ed parasite-laden cells found in these organs in kala-azar 
mostly correspond to those of the reticulo-endothelial system which swell up 
and enlarge in size by stimulus of the presence of dye-stuffs in the process of 
vital staining. The clasmatocytes probably belong to^t^ie reticulo-endothelial 
system. It may be stated that apart from what has been considered to be 
a specific tissue reaction in the form of appearance of the clasmatocyte tissue, 
one agrees with Shortt “that Christophers’ original description, in 1904, of the 
morbid histology of the disease in man has left little for succeeding workers 
to describe or amend.” In this connection it may be noted Shortt considers 
that so close is the connection between the endothelium of capillari(‘s, stroma 
cells, and macrophages, that one cannot help considering the probability that 
the original stroma cells produce either of the other two types, given the 
appropriate stimulus. 

SAv//. — Christophers found the parasites in the endothelial lining of very 
fine cutaneous capillaries in the papular eruptions of the skin in advanced 
cases, about the thighs, Sc^i^pa's triangle and the scrotum. He also found 
them in ulcers and in minute nodules of the skin. On section, the nodules 
showed signs of inflammation, widening of the vessels and small round-celled 
infiltration. Recently the author has found a large number of Lcislnnanin in 
the skin in cases of Dermal Leislimanoid, a disease which sometimes develops 
in cases of kala-azar which have been cured by antimony (see Dermal 
Leislimanoid). According to Laveran, no cutaneous ulceration with Lcishtnaiiid 
has been found in infantile kala-azar. These may, however, occasionally be 
present in ulcers of the skin in infantile kala-azar. These cutaneous ulcers in 
infantile kala-azar, in the first stage of their development, appear as a number 
of irritating papules. Later on they change into painless nodules, in the centre 
of which is a small opening whence a fluid flows. The fluid dries into a 
crust. A number of nodules sometimes form a group, from which first a 
Mister and then an ulcer develops. This has smooth edges and a granular 
surface. On making a section the position of the ulcer, near to the ‘^x*at 
glands and hair follicles, is revealed. In the superficial layers an infiltration 
consisting of cells resembling plasma cells is to be seen. In addition {o 
these, other cells with granular protoplasm are present. Signs of capillar it is 
ohlilcrans may be seen in various positions. (For other peripheral lesions see 
Addendum.) 

Fat Tissue. — In infected hamsters, wherever fat appears, single clasma- 
tocytes, heavily parasitized, are scattered thi-oiigh it (Meleney). 

Lvuiphatic Glands. — Leishmania were found by Christophers in lymphatic 
glands, especially in ulcers over the skin near to them. Cochran found them 
in smears from excised lymphatic glands. 

The mesenteric glands are swollen and soft. Jemma and di Cristina 
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shite that the sinuses may be widened, the endothelium may be peeled off 
and may contain Leishmaiiia. The fibres of the reticulum are thickened. 
The endothelial cells may atrophy and there maybe signs of necrosis (Dionisi). 
There may be preponderance of parasite-laden cells in the follicular spaces. 

Lvmph Nodes . — Parasites may be found in the loose reticulum, and the 
degree of parasitization of any one group of clasmatocyte cells seems to be 
in inverse proportion to the number of cells in the group. 

lulcslhic . — During the course of the disease catarrhal changes and some- 
times ulcers are found%i the lower part of the ileum. These are of different 
sizes, their border is irregular and they have a reddish-grey base. Inflammation 
of the intestinal mucous membrane frequently occurs, and if it is of long 
duration it may lead to attenuation of the intestine throughout its length. 
Microscopic examination shows that the ulcer slowly destroys the superficial 
layers of the mucous membrane, penetrates deeply and may reach the 
muscular coat. Granulation is seen in the surrounding tissue. 

Mackie has found bodies resembling Ac/.s7////^///V/ in the smears of the stools 
of patients suffering from Indian kala-azar, in whom dysenteric symptoms had 
been induced by the administration of croton oil. Lcishuiania have also 
been found in the endothelial cells of fine capillaries in ulcers of the large 
intestine. Intestinal ulcers are more common in Indian kala-azar, in which 
multiple ulceration may be found in the large intestines which may extend 
deeply into the muscular coat. Christophers found Lcishuiania as intracellular 
parasites in the endothelial cells lining the blood-vessels in the granulation 
tissue of these ulcers. Hiey may also be found inside the macrophages. 

|einma and di Cristina, in their observation of cases of infantile kala-azar, 
noted the constant occurrence of enterocolitis, and the presence of circular 
ulcers with elevated edges in the large intestine. 

Perry has observed that the jejunum may appear slightly thickened, with- 
out any ulceration. Microscopically the following histological changes were 
noted by him : — 

“ Kach villus was transformed into a swollen, distorted and polypoid 
body, connected with the submucous tissue by a constricted stalk, formed 
of a few fibres of connective tissue. The columnar epithelium covering the 
villi had disappeared and the basement membrane furnished a delicate 
limiting sheath for each little swelling. The internal structure of the villi 
was completely altered, owing to an intense proliferation of the endothelial 
cells lining the lymph channels. This proliferation of endothelium, although 
marked in the base of the villi, became more pronounced towards the centre 
and extremities of these structures, and the enlargement and distortion were 
caused by these tightly-packed accumulations of hypertrophied cells. 

“ In the greater number of villi the basement membrane was intact, but in 
many instances it had ruptured from over-distension and liberated the enclosed 
endothelial cells. 

The distribution of Leishman-Donovan bodies in the intestine was very 
striking. They could be demonstrated in scanty numbers in the submucous 
coat ; in that position they occurred in endothelial cells evidently derived 
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from vascular endothelium. They were present in larj^cr numbers, in the 
same intracellular situation, in the base of the villi. In the centre of the 
villi they had undergone rapid multiplication, and they were present in 
enormous numbers in the endothelial cells, distending the extremities of these 
structures. In many of the villi numbers of endothelial cells had broken 
down, and the parasites were lying free in the vmIIus mixed with the debris 
of necrotic cells." Perry emphasizes the possibility of the escape of viable 
parasites by the intestines. 

In the hamster, Meleney found similar changes in the gastro-intestinal 
tract, the submucosa being invaded by parasitized macrophages, especially 
near to Peyer’s glands and solitary lymphatic nodules, the epithelium being 
intact. Similarly in man, he found that where lymph follicles occurred, 
parasitized clasmatocytes were numerous in the neighbouring submucosa, the 
ileum, cjecuin and colon being less infected than the stomach and jejunum. 

Banerjee has found the parasite in the ulcers of the stomach of a case ol 
kala-azar. 

Dionisi found Lcishinauid in the follicles of the intestines in cases of 
infantile kala-azar. In one case of infantile kala-azar Critien found LcisJniKinin 
in the stools. 

Pancreas . — There are no visible changes in the pancreas. Pianese found 
that the islets of Langerhans underwent hypertrophy and hyperplasia, and 
also discovered Leislimaiiia in the large mononuclear leucocytes. 

Lnn^s. — Lcishnuinia are found in the large mononuclear and polymor- 
phonuclear leucocytes. Parasitizing cells of the vascular endothelium 
and clasmatocytes may be present. 

Mannnar\ (rlands . — The mammary glands are atrophied in a large number 
of cases (Dionisi). 

Testes. — LeisJunania may be found in the capillaries. As already stated, in 
experimental animals, Shortt found them inside the cells of Leydig. Meleney 
found them inside clasmatocytes in man. 

Kidneys . — The kidneys sometimes show no changes. There may be 
congestion, hccmorrhages or signs of nephritis in the kidneys. Parasites have 
been found in the renal vessels, glomerular capillaries, and recently Shortt 
has cultured the parasites from the urine of persons suliering Irom Indian 
kala-azar. According to Archibald, the parasites have never been found in 
the cells of the secreting tubules. They have been found inside cells of the 
reticulo-endothelial system in experimental animals. 

Adrenal Glands. — Leishmania may be present in the endothelium of the 
vessels in the cortex and medulla. Jemma and di Cristina found a glandular 
cell of the cortex invaded by Leishmania. In experimental animals, the 
parenchyma of the cortex may be infected. 

Heart and Blood-vessels . — In the large veins parasites have been found 
inside endothelial cells. In the heart they have been found inside poly- 
morphonuclear leucocytes. In small and medium-sized vessels, fatty 
degeneration of the intima is found. Many investigators have found the 
parasites in the peripheral blood. In 1909 Donovan stated that in 92 to 93 
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per cent, of his cases he found the parasites both in mononuclear and poly- 
nuclear wliite blood-corpuscles. Patton found the parasites in the peripheral 
blood of thirty-eight out of forty-five cases which he treated in the General 
Hospital at Madras. In the Sudan, Thomson and Marshall found them in 
thirteen out of fifteen cases, and Cannata, Rutelli and Vaglio found them in 
93 h) 95 per cent, of their cases in Italy. The Lcishuiania are seen in 
the large mononuclear cells, which Patton and Christophers consider to be 
endothelial cells which have broken loose. In addition they are also found 
inside polymorphonuclear leucocytes. Knowles examined a series of 73 cases, 
and on 33 occasions he found parasites in the blood, i.e., 45 per cent., 
while 10 per cent, only of 682 films, made from the blood of these cases, gave 
a positive result. He considers that if the blood films are properly made then 
tlie findings may be more frequently positive. Examination of thicker film 
smears gave much better results in his hands. 

Some experiments in which suprarenin (adrenaline) injections were given 
in order to bring the parasites more into the peripheral circulation, were not 
successful (Mazzoni). Knowles, however, stated that he obtained positive 
results more frequently when the patient had been given a subcutaneous 
injection of one cubic centimetre of i in t,ooo adrenaline solution half-an- 
hour before the blood was examined. By making cultures from the blood 
on N N N media, as described in the Chapter dealing with diagnosis, very 
frequently positive results are obtained, and sometimes even as itarly as the 
fourth day. 

As regards the number of parasites present in the peripheral blood at 
various stages of the disease, Patton is of opinion that they are present in 
greatest abundance in the last stages of the disease, and in those cases which 
aie complicated by dysentery. Others, however, have observed the parasites 
in greatest numbers in the early stages, as well as during the earlier and 
recurrent attacks of dysentery and during fever. Apparently any condition 
which raises the leucocyte count of the peripheral blood (e.g., dysentery 
and broncho-pneumonia) increases the possibility of finding the parasites 
in the peripheral blood. According to Knowles, the parasites are easy to 
find when myelocytes are present. 

For further changes in the blood-picture, see Chapter IX. 

In infected hamsters, heavily infected clasmatocytes are found in the 
interstitial tissue throughout the myocardium and subendocardial tissue of 
the heart. 

The pathology of dermal leishmanoid is described in Chapter IX. 

Xen ons System. — Lcishmania have been found by Christophers in the poly- 
morphonuclear cells, in petechije from the arachnoid of Indian kala-azar. 
There is no record of Leishnuitiia being present in the cerebro-spinal fluid of 
Indian kala-azar. La Cava found them in the cerebro-spinal fluid of infantile 
kala-azar. 

Muscles . — Visentini found parasites in the muscles, in one case which he 
investigated. 

Spleen . — The spleen is often swollen and sometimes it is enlarged to an 
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enormous de^jree. In ihc pathological museum of the Calcutta Medical 
College, there is a specimen of a kala-azar spleen of an adult weighing nearly 
three kilogrammes. The author had a case in the Calcutta Campbell Hospital 
in which the spleen weighed six and a half kilogrammes. 

Its external form does not change very much, although its contours 
become more rounded and the segmentation more marked. The surface 
sometimes appears opaque, because of the perisplenitic changes. Adhesions 
to adjacent organs may occur. In some places the follicles are visible, while 
in others they are not. The venous sinuses are dilated, and hauiiorrhages 
may occur. In acute cases the capsule of the spleen is generally smooth and 
stretched, and does not adhere to the adjacent organs. 

The consistency of the splenic parenchyma is variable. In acute cases 
the spleen pulp is soft and bulges out when the capsule is cut. It may rupture 
during exertion or through injury. In chronic cases the lirmness of the 
spleen increases, the capsule is thick, and some observers consider that there 
is less danger of its rupturing. The author does not agree with the latter view. 
The spleen presents a solid appearance and keeps its form after having been 
removed. The substance is of a deep red colour and is granular in appearance, 
'fhe trabecLihe are prominent. The spleen is linn to the touch, although it is 
friable. Aiuemic infarcts may be present. It is stated by some that the 
violet-red colour of the splenic parenchyma is different from the slate colour 
of the malarial spleen. 

Sometimes the Malpighian corpuscles are hypertrophied and sometimes 
they are atrophied and less prominent than normal. 1'he splenic reliculum, 
which is scarcely apparent in subjects who succumb at an early period of the 
disease, may become thick, especially in the region of the follicular artery, in 
chronic cases. This is, to some extent, the cause of the splenic hypertrophy 
in these chronic cases. The follicular arteries also become thickened, their 
endothelium is swollen and permeated with parasites. Numerous Lcislinumia 
are also to be found in the enlarged follicular cells. Here and there the 
connectiv^e tissue loses its transparency. Uniform areas of connective tissue 
are formed in place of the degenerate follicular elements and cells of the 
reticulum (Dionisi). The sclerotic tissue of the follicles and pulp eventually 
develops from this. 

In infantile kala-azar, di Cristina and Cannata found the capsule 
thickened, numerous endothelial elements swollen, and Malpighian corpuscles 
poor in lymphoid elements. The endothelium of the blood-vessels and 
vascular spaces contained Lcishttiatiia, Visentini found the reticulum ex- 
cessively inhltrated with blood, and in some places where the distension 
of the reticulum reached its maximum, especially near to the capsule, there 
were isolated areas of degenerated parenchyma. The follicles were sometimes 
reduced in size, being represented by little heaps of lymphocytes shrivelled 
up round the arterioles. 

Dionisi states that the follicles are either degenerated or atrophied. The 
cellular elements of the reticulum of the follicles are swollen and full of 
parasites. The meshes of the reticulum are thickened. The spleen pulp 
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FlCt. 1. — Case of subacute kala-azar. Section of the spleen. 

(1) Congestion of the pulp. (2) Dilatation of the reticulum and the sinuses with angiomatous spaces. 
(3) Slight increase in reticular tissue. (4) Slight tibrosis of the arteries. (Eye-piece No. 1, 

Objective Zeiss D.) 
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Fig. 2. — Leishman-Donovan bodies in a smear of spleen (stained by Leishman’s method). 
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de^^encnites or undergoes necrotic changes. According to him the Lcishmania 
are found in largest number in the spleen, especially in the endothelial 
cells of the capillaries. 

The following types of endothelial cells containing the parasites are 
described by Christophers (see also Addendum) : — 

(1) Slightly modified endothelial cells, whose protoplasm sometimes tends 
to become proliferated in the form of buds. 

(2) Round cells with extensiv^e protoplasm and a round or oval nucleus. 
These cells sometimes resemble small mononuclear leucocytes. 

(3) Very large cells lying inside capillaries. They may be extended along 
tlie capill.iries or their cytoplasm may be massed together. 

(4) Extremely large cells. 'Fhe cytoplasm of many of these cells is 
reduced to a mer'e pellicle containing a mass of pai'asites. These cells appear 
to be on the point of ruptirre. 

Besides these cells the parasites may be found inside the lar'ge mononuclear 
and polymorphonuclear leucocytes in the spleen (Plate VI, fig. 2). 

vSorne of the parasites derived from spleen punctui'e appear free, while 
other's are found inside the large endothelial cells (Plate VI, fig. 2). In 
some cases these endothelial cells break up into small globular masses con- 
taining a number of these parasites. These masses sometimes resemble I'cd 
blood-corprrscles, and may give the impi'cssion that the Lcishmania are 
contained in r'ed blood-corpuscles. 

According to Xicolle, the lai'ge mononuclear cells derived from the 
endothelium of the capillaries contain the pai'asites exclusively in the spleen. 

In many cases of Indian kala-azar the author has observed the following 
changes in the spleen : — 

The spleen is fi‘ei|uently congested, and in acute cases markedly so. 
In acute and subacute cases the venous sinuses may be so dilated that 
angiomatous spaces are formed. The spleen may be overfilled with blood 
and hicmorrhages may occur in its tissue (Plate VI, fig. i). On section of 
th(‘ spleen, a multiplication of the macrophages, loaded with Lcishmania, is 
observed. In chronic cases, aggregates of pigment sometimes may be found 
in the connective tissue of the trabecuhe. Pigmentation of the spleen is 
not, however, a constant sign, and may be absent in many cases. There is an 
increase of fibrous tissue, and spaces containing large mononuclear cells full 
of Lcishmania are seen (Plate VI 1 , ligs. 1 and 2). Degenerative areas may 
occur in the pulp, resembling wliat have been described by Thayer and others 
in chronic malaria. Whether these changes are indicative of old malarial 
infection at an earlier per iod, or due to kala-azar itself, is difficult to state. In 
some cases there is a hyaline degeneration of the small arteries in scatter*ed 
ar'eas. In other cases there is a thickening of the outer coat of the arteries 
with small r'ound-celled infiltration. This thickening may sometimes be very 
extensive, and may be associated with marked formation of fibrous tissue in 
the spleen. The thickened arteries are seen running along these thickened 
fibr ous ti'abecuhe. Sometimes the arteries appear to be obliter'ated. Fibi'ous 
nodules may sometimes be seen on section of the spleen. These appear, in 
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some cases, to be situated on the sites of the obliterated arteries. Sometimes 
pigmented nodules can be seen here and there in the spleen, generally in the 
place where the atrophied Malpighian corpuscles were present. In some cases 
there is general infiltration of the spleen with melanin. 

Infarcts may be present in the spleen. There may be perisplenitis with 
thickening of the capsule in chronic cases. 

Some of the changes described above are similar to those that have been 
observed in cases of chronic malaria, and may suggest the possibility of a 
previous malarial infection. 

Generally speaking, the consistency of tlie spleen is hard, even in early 
stages of the disease. In this stage the hardness is due mostly to the organ 
being packed with lA'isIiinania’hidcn cells, and there is little or no develop- 
ment of fibrous tissue, and the spleen may regain its normal size under 
proper treatment. 

In chronic cases the hardness is due partly to the presence of leish mania- 
laden cells and partly to fibrous tissue development. In many of these cases 
the former preponderates over the latter, and the organ regains its normal size 
under proper treatment as in early cases. In those cases in which there is 
excessive development of fibrous tissue, the organ does not regain its normal 
size under proper treatment. Such cases are rare, and a very hard spleen 
which clinically gives an impression of excessive development of fibrous tissue 
may be due mostly to the presence of LcisItuuiiiiaA^idtn cells, as can be seen 
post mortem. Meleney found in a cast* in man that the entire tissue was 
composed of a reticulum containing clasmatocyte tissue. ’ 

The enlargement of the spleen is due partly to the above factors and 
partly to the dilated venous sinuses and congestion of the organ. In those 
cases in which the spleen is soft, the dilated venous sinuses predominate 
over the fibrous tissue formation. In certain cases, the enlargement of the 
organ is partly due to infarcts, which also influence the consistency of 
the spleen. 

In experimental animals, Shortt found the Malpighian corpuscles distinct, 
and there was a hyperplasia of the endothelium affecting tiie lining cells of 
the capillaries and blood-sinuses. The cells of the endothelial tissue may in 
part be so distended with parasites as to occlude the lumen of the sinuses. 
Large macrophages, containing parasites and probably of the same origin, 
may be seen. 

In the hamsters Meleney found, in chronic infection, huge heavily infected 
clasmatocytes practically occupying the splenic pulp and partly replacing the 
lymph follicles. 

Liver . — The liver is often enlarged, allhough not to the same extent as 
the spleen. It is only in very rare cases that the liver appears more swollen 
than the spleen. Greyish-white spots, indicating the presence of peri- 
hepatitis, may be seen on the surface of the liver. The edges are regular 
and well-defined. The solidity of the organ is somewhat increased. The 
cut surface is reddish-yellow and has the appearance of nutmeg liver 
(Christophers). The lobulation is not recognizable. Microscopic examina- 
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Case of Chronic Kala«azar. 
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Fig. 2»— -Marked fibrosis of the spleen with Fig. 3. — Section of the liver. L.D. bodies in 

lacunDB in which are situated the L.D.-containing the Kiipffer stellate cells (endothelial cells). A 

cells. (Eye-piece No. 1, Oil immersion i^f.) few red blood-corpuscles are seen in the capil- 

laries. (Eye-piece No, 1, Oil immersion t^|.) 
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tion of the liver from advanced cases shows widening of the interlobular 
capillaries, and an increase in the amount of connective tissue present. The 
liver cells appear to be damaged in a varying degree. In addition to 
atrophy and disintegration of the cell nucleus, typical fatty degeneration of a 
whole group of cells is seen here and there. Pigment may be seen in those 
cells which contain parasites. The parasites appear to be in the capillary 
endolheliiim of the supporting tissue, and to a large extent in the stellate 
Kiipffer cells. They are taken up, presumably, by phagocytosis. Changes in 
the interlobular connective tissue are not always to be found. Knot-like 
aggregations of white blood-corpuscles have been observed round the wall of 
the vessels (Nicolle). Venous or biliary cirrhosis is sometimes found (Gabbi, 
Abate). 

Stalham pK)ints out that one can see endothelial cells conUuning LcisJi})in ii in 
between the columns formed by the hepatic cells. The endothelial cells are 
flattened out inside the blood-vessels. According to Christopheis and others, 
the parasites are found in largest numbers in the endothelial cells inside the 
capillaries. According to Ledingham, the parasites are found in wandering 
leucocytes originating from the spleen. 

According to Laveran and Hav^et the hepatic cells are the favourite position 
of the parasites in the liver, and they are found in much smaller numbers in 
the connective tissue, the plasma cells or the endothelial cells of the capillaries. 
'I'hev do not agiee with Christophers as to the site of election of LcisJiinnutn 
in the liver in human kala-a/ar. 

The author considers that the Leisliman-Donovan bodies are mostly 
present in tlu* Kiipffer cells (Plate VII, fig. 3), agreeing with Christophers 
ob-iei vation. The accidental snperimposition of parasites over liver cells or 
the apposition of parasite-laden Kiipffer cells to the liver cells may give an 
impiession of the parasites occupying the liver cells themselves. 

Christophers points out that the capillaries of the lobules and the liver 
cells in ceitain zones are atrophied. I'lie parasites are more often found in 
the periphery of the cells containing them than in their centre. 

Shorlt j^oints out Irom his observations in experimental animals that the 
liver cells pro|')er do not contain parasites. He also found an extreme degree 
of fatty infiltration and degeneration ot the liver cells, and the liver tissue 
resembled the condition seen in phosphorus poisoning and in acute yellow 
atrophy. In infected hamsters there may be occasional parasitization of the 
liver cells (Meleney). 

According to Rogers’ statistics the liver was enlarged in ^3 per cent, of his 
Assam cases, in 59 per cent, of the early European hospital cases, and in 75 
per cent, of his cases at the Calcutta Medical College. It is usually very firm 
and hard in the more chronic cases. Rogers has described a form of 
intralobular cirrhosis in cases lasting two or more years : — 

“ It is characterized by an absolutely smooth surface of the organ, but on 
section the liver is found to be exceedingly tougli, and so firm that digital 
pressure has no effect on it. 

Microscopically it shows very diffuse intracellular cirrhosis, in the 

8 



io8 Kala-Azar 

connective tissue of which shrunken parasites of kala-azar may still be visible 
with a high power. 

^^The Jiver cells are extremely atrophied, so that but little healthy secreting 
structure remains. In addition, multilobular cirrhosis is met with not very 



Fk;. 23. (1) Lcisbmiin-Donovan bodies inside liver cells ; (2) Leisbniaii- 

Doiiovan bodies in lynipbatie inlands : (3) Leislnnan-Donovan bodies in bone 
marrow. (From Statham's paper in the 7n/// //nZ <»/ ///c' Uoyul Aniiy Miiiiial 
Corps,) 


rarely in old cases of kala-a/ar. At autopsy it is usually found to be associated 
with old dysenteric ulcers.'' 

In some cases the author has iound an extensive fatty degeneration of 
the liver with some pigmentation (tig. 23). Dilatation of the vessels is 
frequently seen and infarcts may be pre.sent. 
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Boiic-oiarnnv. —Thii marrow of the long bones becomes pink in colour, 
and in appearance resembles fcetal bone-marrow, and is somewhat diffluent. 
It is the elements forming the spongiosa wliich contain the greatest number 
of parasites (hg. 24). Tiiere are no marked changes to be observed 
either in the connective tissue or in the blood-vessels. The tunica media 
of the medium-sized vessels may undergo fatty degeneration (Visentini). 
According to Marchand and Ledingham, the cells of the small marrow veins 
contain no parasites. No deposit of pigment or luemorrhage has been 
observed. Jemma and di Cristina found an increase in the number ol 
lymplioid cells and a growth of the endothelium of the lyinpli channels and 
blood-vessels. “ Clasmatocyte tissue" has been found in the bone-marrow 
of ribs in man. 



Kill, 24. Sta tion ni IniiK-iiKirrow showing the ni Lcishinaii-l)i»m>\ an budies insiik* 

eiidutlielial eells. 

iKrnin a sjHeiinen kindlv IcMit by Dr M. De ul Ihe l’ath()loj.iieal Deparlnunt of the Calcutta 

Mctlical Collej^c.l 


Lcisimiania are found in the same cells of the bone-marrow as in tlie 
spleen. Statham found them in large and small myelocytes. They may 
also be found in the large mononuclear and polymorphonuclear leucocytes. 
According to Chi istophers they are mostly present inside the macrophages. 

In e.xperimeiital animals Shortl found them much less numerous in the 
bone-marrow than in either spleen or liver. The endothelial cells were 
greatly hypertrophied in affected areas and were crowded with parasites. 
Large parasite-laden macrophages were seen in intimate connection with the 
endothelium of capillaries and stroma cells. 

The parasites retain their morphological characters longer in the bone- 
marrow than in other tissues after death. 

Hu and Cash have found erosion of the inner table of the skull associated 
with hyperplasia of bone-marrow and e.xtra-medullary deposit of blood on the 
surface of the dura mater in cases of kala-azar in China. 
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CHAPTER XIV. 

TREATMENT. 

The treatment of k:ila-iiz;ir, before the clays of antimony, gave very 
indifferent results and need not be discussed liere. \'arious drugs were 
given a trial, but no success was achieved. Peference may be made to 
the articles by Leishman and Gabbi in the cailier editions of Mense's 
Trofenkrankheiten, and also to the older works of the present author on 
Kaea-azar and its Treatment, and to Laveran’s Leishmanioses. 

The resemblance of the disease to malaria and African trypanosomiasis 
has led from time to time to the use of various treatments that have been 
adopted in these diseases. The vaiious methods of treatment that were 
adopted before the days of antimony in the treatment of kala-azar may be 
summarized as follows : alkaloids, especially quinine in massive doses, 
leucocvte-increasing drugs, alkalies, bone-marrow and s[)leen extracts, 
vaccines, arsenic, mercury and other metals, X-ray, splenectomy, intravenous 
injection of antiseptics, 6fec. 

Manson was the tirst to advise antimony preparations in the treatment of 
the disease. Vianna and Machado, in 1913, first used tartar emetic in the 
treatment of cutaneous leishmaniasis of South America, and obtained remark- 
ably good results, di Cristina and Caronia used tartar emetic in the treatment 
of infantile kala-azar with satisfactory results. Their method of treatment was 
adopted by many workers in Italy, including, among otheis, S])agnolio, in 
Messina, Longo and Abate, in Catania, Jemma and his colleagues, in Naples. 
At the same time tartar emetic was beginning to be used in India in the 
treatment of kala-azai'. As jiioneers in this held, in the treatment of Indian 
kala-azar, the following may be mentioned : Rogers, Mackie, Hume, Castellani, 
and the author. 

J'iogers claims to have been the first to use it in the treatment of kala-a/ar. 
Castellani, however, has drawn the aiithoi’s attention to the Report to the 
Advistay Committee for the Tropical Research Fund, 1914, by Castellani, in 
which his first note on the treatment of kala-azar with taitar emetic was 
published before Cristina, Caronia and Rogers published their results. Ht* 
therefore claims to have been the first to use the drug in kala-azar. Also 
vide Laveran’s Leishmanioses, 

Antimony can now be regarded as a specific in the treatment of the 
disease. The discovery of the best preparation has been the subject of 
extensive research, carried out by the present author during the last few years. 

The subject of the chemotherapy of antimony cannot be discussed here 
in detail. The reader is referred to the papers written by tlie author on tlie 
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subject of ^^Chemotherapy of Antimonial Compounds/' published in the 
Indian Journal of Midical Research, The followiuj^ table gives the relative 
toxicity of some of the antimonial compounds investigated by the author : — 



TABLE. 



'I'oxicity of llitr 

Sli i.-oiitent _ 1 


Min. lethal dosr in ;;rm.s. 

10 

lo X .Sb conlciil >. min. 

lellial (Jose 

for jjninca-piys jjcr kj*. 
of body wrij»ht. 

(Jiiiniiic antimonyl tartrate ... 

1 

••• 7 »(» 


0T5 

Sbo();{ dissolved in ^^lycerine ... 

1 

... ^ 


0-03 

Amnioiiiiini antimonyl tartrate 

1 

• • • U .M 


006 

Strontium antimonyl tartrate 

1 

••• LM) 


O'OSS 

I\)tassiiim antimonyl tartrate 

1 

••• 


O’OSS 

Calcium antimonyl tartrate ... 

• • • 1 


0*0.35 

l^tliyl antimonyl tartrate 

1 

... j 17 


0*045 

Xarcotine antimonyl tartrate 

1 

... 1-1 


0*0«5 

Cinchonine antimonyl tartrate 

1 

<7 


0*15 

Sb./)a dissolved in tartaric acid 



0*05 

I’rea antimonyl tartrate 

1 

li i 


0*055 

Ammonium antimonyl malate 

1 

i'll 


0*09 

Sodium antimonyl tartrate ... 

1 

••• 1 !t 


0*055 

Aniline antimonyl tartrate 

1 

J 7 


0055 

l^ithium antimonyl tartrate ... 

1 

••• JO 


0*04 

Crea stibamine 

1 

• • • *2 .7 U 


0*7 

Stibamine 

... 210 


0*5 

Stib-hectine 

] 

• • • J 7 0 


0*6 

Stib-acetin 

1 

• • • ^ 5 H 


0*7 

The various antimonial 

preparations that have 

been or 

may be used in 


kala-azar may be conveniently divided under the following heads : — 

(i) Aromatic antimonials: A new compound discovered by the author, and 
formed by the combination of p-amino-phenyl-stibinic acid with urea, urea- 
p-stibanilate, urea stibanilale, ammonium carbamino-stibanilate (named urea 
stibamine by the author) ; acetyl-p-amino-phenyl stibiuate of sodium 
(stibacetin, stibenyl, Allen and Hanbury) ; sodium-p-amino-phenyl-stibinate 
or sodium stibanilate (named stibamine by the author) ; stibamine in com- 
bination with glucose (named glucose-slibamine by the author), or stibamine 
glucoside (Burroughs Wellcome and Co.) ; urea stibamine in combination 
with glucose (named glucose-urea-stibamine by the author) ; metachlor-p- 
acetyl-amino-phenyl stibiuate of sodium (named chloro stibacetin by the 
autlior), or stibosan (von Heyden) ; N-phenyl-glycine-amide-p-slibinate of 
sodium (a new compound described by the author and named stibiglycine- 
amide) ; a compound of unknown composition formed by the combination of 
p-arsanilic acid with an amine, and known as ‘*693” von Heyden. Among 
the new aromatic antimonials prepared in the author's research laboratory 
and which are likely to be of therapeutic value are benzene*sulphonyl-p- 
amino-phenyl-stibinate of sodium (stib-hectine) ; urethane derivative of 
p-amino phenyl-stibinic acid ; carbethoxy-p-amino-phenyl-stibinic acid ; 
carboxy-methylene-oxyphcnyl*4-stibinic acid ; allyl-thio-carbamino-p-amino- 
phenyl-stibinic acid. 
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(2) The antimonyl tartrates: (^/) Potassium antimonyl tartrate (tartar 
emetic), sodium antimonyl tartrate, sodium potassium antimonyl tartrate, 
hyper-acid antimonyl tartrate, ammonium antimonyl tartrate, lithium anti- 
monyl tartrate, calcium antimonyl tartrate, strontium antimonyl tartrate, 
bismuth antimonyl tartrate, ethyl antimonyl tartrate, quinine antimonyl 
tartrate, cinchonine antimonyl tartrate, narcotine antimonyl tartrate, (h) The 
followini^ new amino antimonyl tartrates have been prepared in the author’s 
research laboratory : Phenocoll antimonyl tartrate, amestliesin antimonyl 
tartrate, novocaine antimonyl-tartrates, apothesine antimonyl tartrate, ortho- 
form antimonyl tartrate, acriflavine antimonyl tartrate. 

(3) Colloidal sulphide of antimony, colloidal metallic antimony, metallic 
antimony in a state of line subdivision, antimony oxide dissolved in i^lycerine. 

(4) Sodium antimony thiof^lycocollate and antimony thioglycocollamide. 

(5) The antimonial malates. 



Kk;. 25, ■ Tern piTat lire eliarl of a case of kala*a/ar cured by tartar emetic. 


The antimonyl tartrates should not be considered as antimony salts of 
organic acids, as they are really salts of antimonyl tartaric acid. Tlie penta- 
valent compounds of antimony should not be considered as equivalent to 
therapeutic aromatic antimonials, as they include inorganic salts of antimonic 
acid which have little or no therapeutic value. 

The methods of administration of the antimonial preparations are; (1) 
Intravenous; (2) Intramuscular; ( 3 ) Inunction ; (4) Oral ; (5) Rectal. 

I. The Intravenous Method is the one most commonly employed, and 
gives the best results. 

(a) The author in 1921 obtained very satisfactory results from the use of 
urea stibamine in the treatment of kala-azar. The compound was discovered 
by him in the course of research under the auspices of the Indian Research 
Fund Association. Full details regarding the use of urea stibamine in 
kala-azar and other aromatic antimonials are given later on. 

{b) The two antimonyl tartrates that have been very commonly used aie 
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tartar emetic and sodium antimonyl tartrate. The author has also used 
ammonium antimonyl tartrate. From the table given on page iii it will be 
seen that this salt is the least toxic, and that the sodium and potassium 
salts are equally toxic. The dose of each of these salts for an adult is 
2 to 5 c.c. of a 2 per cent, solution given intravenously twice a week. Some 
authors recommend the use of a t per cent, solution, but there is no 
advantage in this, nor is there any advantage in giving the injections at 
shorter intervals than twice a week. A higher concentration than 2 per 
cent, is not to be recommended. 

'fhe following precautions should be observed in carrying out a course 
of treatment w’ith the antimonyl tartrates : — 

If a severe reaction in the form of violent rigors, high fever and persistent 
vomiting or diarrluca, should occur, the next dose should not be a larger 
one, nor should it be given after a short interval. In such cases the next dose 
should be smaller than the previous one, and given at an interval longer than 
that between the foregoing ones. If there is increase of cedema during the 
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Fk;. 2 (). TtMiipcriitiirw' chart of a case of kala-a/.ar cured by sodium antiiiKuiyl tartrate. 


course of treatment, then the dose should be diminished and given at longer 
intervals. 

The treatment should be continued until the fever has been absent for a 
month. The blood-picture must be w’atched ten* a considerable time. The 
following factors should determine whether the treatment should be discon- 
tinued : A leucocyte count of 7,500 or more, w*ithoiit any tendency towards 
diminution, a steady g<iin in w’eight and improvement in the general condition, 
and in most cases reduction of the si/e of the spleen to normal. If possible, 
a spleen puncture and peripheral and spleen blood-culture should be made 
for absence of Lcislinuuiin, 

Some observers hold that parasites may be present in the spleen even 
w^hen the patient is clinically cured, and in some of these cases the parasites 
subset|uently disapf')ear spontaneously. It is risky, how^ever, to stop the 
treatment if parasites are still present, as the possibility of a relapse remains. 

The spleen is generally reduced to its normal size during the course of the 
treatment, A spleen that feels very hard, and clinically gives the impression 
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of having undergone fibrous change, may return to normal under antimony 
treatment. In other cases a slightly enlarged spleen may persist for a long 
time even after the cure has l>een established, and it returns to its normal size 
slowly. It may thus be concluded that wliile it is desirable that the spleen 
should be reduced to its normal size when the treatment is completed, it is 
not always necessary to continue the injections until this condition is reached. 
A fibrous spleen may remain enlarged after the patient has recovered. One 
must take all the above facts into consideration in determining whether the 
treatment should be discontinued or not. 

Symptoms of intolerance have sometimes been met with after intravenous 
injections of tartar emetic or sodium antimonyl tartrate. Their solutions 
should not be sterilized in an autoclave, as toxic decomposition products 
maybe thereby produced. It has been recommended to sterilize tartar emetic 
solution in flowing steam, on two or three consecutive days (Castellani and 
Chalmers), or by filtering it through a Chamberland filter. Neither of these 
precautions is necessary if one boils the solution for ten minutes. 

It is desirable always to use a fresh solution. The author has shown 
that old solutions of tartar emetic or sodium antimonyl tartrate are more 
toxic to experimental animals than fresh ones, apart from any bacterial 
contamination. 

Ammonium antimonyl tartrate has been used in the same way as tartar 
emetic, and the results seem to be satisfaclory. Keference will be made to 
hyper-acid antimonyl tartrate under the heading of intramuscular injection. 

(r) The author has used colloidal sulphide of antimony intravenously as 
well as subcutaneously. For an intravenous injection, 20 c.c. of a 1 in 500 
sohition may be given (Rogers). Rogers treated ten cases which were cured 
after injection of about 37 egrm. of this preparation. 

More recent inv’estigations have shown that colloidal antimony sulphide 
does not produce uniformly good results. 

{d) The author has used colloidal metallic antimony, and metallic anti- 
mony in a slate of fine subdivision, intravenously with satisfactory results. 

Preparation of colloidal metallic antimony has been described by the 
author in the Laucci^ 191b, October 21. 

Colloidal metallic antimony is brownish-red by transmitted light and black 
i)y reflected light, being in this respect similar to vSvedberg’s colloid. 

It was at first thought that colloidal metallic antimony prepared by 
the author’s metliod was a very stable substance, but subsequent observations 
showed that it became slowly transformed to Sb.^Oy. 

Dose of colloidal metallic antimony : o'ooi grm. to 0 002 grm. given intra- 
venously, or intramuscularly, on successive days. 

{e) The author has used metallic antimony in a state of fine subdivision 
intravenously. Before the introduction of urea stibamine it was the most 
powerful antimonial preparation in the treatment of kala-azar, according 
to the author. 

The dose of metallic antimony in a state of fine subdivision is ] to i gr. 
(o’oio to 0*065 grm.) intravenously. 
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A special apparatus has been devised by the author for intravenous 
injection of metallic antimony (fig. 27). 

Tcclitiiquc of lulnirriioiis Iiijccilon of Mciallic Aiitinioiiw — The method of 
administration of metallic antimony is the author's own, and is described as 
follows {Indian Medical Gazette y December, 1915) i An all-glass io-c,c. 
syringe is fitted with a three-way stopcock, the remaining two ends of 
which are fitted to a platinum needle and a rubber tubing attached to the 
nozzle of a piece of glass tube respectively. A stout hypodermic needle, 
with a specially constructed blunt cannula inside, should be used preferably 
in place of an ordinary one. This cannula when pushed through 



IM(.. 2.S. A case of kala-a/ar before treat- 2 ^), A case of kala-azar after treat- 
ment with metallic antimony. memt with metallic antimony. 

(Ori^jiinal.) 

llie needle will prevent the puncture of the vein a second time during 
the process of injection of the metallic antimony (see fig. 27). Formerly 
T gr. of metallic antimony was made into a thoroughly homogeneous 
paste with sterilized liquid glucose, in a glass mortar, and then mixed 
with 20 c.c. normal .saline. (The glucose added is just sufficient to make 
a 5 per cent, solution with the 20 c.c. normal saline.) The stopcock is 
so arranged that the syringe may be made to communicate alternately with 
the needle or the glass tube by turning the stopcock. Half the 1 suspension 
is now sucked into the glass syringe and, after being freed from any bubbles 
of jiir, it is injected into a vein of the fore-arm. The glass tube is now 
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lillcd vvitli a portion of the remaining suspension, which is sucked into the 
ghiss syringe, and then the suspension is again injected. In this way the 
whole of the suspension is injected into the vein. Any sediment of antimony 
left inside the syringe is subsequently mixed with normal saline containing 
5 per cent, glucose, and then injected into the vein. This process is repeated 
several times till no antimony is left inside the syringe. About 40 c.c. to 
45 c.c. of normal saline are required to inject i to gr. of metallic antimony. 
The glucose has nowadays been completely dispensed with by the author, 
and the antimony is intimately mixed with normal saline by shaking it 
inside a stoppered glass phial. The antimony is sterilized by being dipped in 
absolute alcohol in a small stoppered phial, in which it is allowed to settle. 
After the antimony has settled down the alcohol is gently poured off. The 
antimony is subsequently transferred to the shaking phial, after being mixed 
iij) with normal saline. The patient should remain in the recumbent posturt;^ 
for half an hour after intravenous injection of metallic antimony. 

Clioirc ami Piinciuic of Tfiits for Iniraveaoits lujcciioii of Atilimonial 
Sohtlions, — The patient must present himself for injection with an empty 
stomach. The presence of food in the stomach predisposes to vomiting. 
In the case of metallic antimony the patient is placed in the recumbent 
position, with his head on the same lev’cl with the feet. In other cases one 
may inject into a patient in the upright position, but the recumbent position 
is preferable, especially in debilitated patients. The choice of the vein need 
not be made until after compression of the arm ; the venous circulation in 
the arm is stopped and the vessels dilated. (Sec fig. 30.) The cleaning of 
the skin is performed by friction of the field of operation with cotton-wool 
dipped in 90 per cent, alcohol. In some cases, after painting with tinct. iodine, 
the iodine stain is washed with absolute alcohol. This brings about perfect 
sterilization of the part. The median cephalic is usually the vein of choice. 
If the median basilic or cephalic vein cannot be made prominent, then one of 
the veins on the back of the hand or any other prominent vein should be 
tried. Concave veins, as «ire found over the inner side of the elbow of very 
muscular people, may be tried if the median basilic or cephalic vein does not 
become prominent. In cases in which the veins of the upper extremity are 
not prominent, the veins on the dorsum of the feet may be tried. There is 
one vein near the inner malleolus which may be particularly suitable for the 
purpose. In those cases in which the veins of the extremities are not 
available, the superficial veins of the abdominal wall may be tried. The veins 
are not always marked off on the skin by their blue colour. If they are big 
and thick- walled, their presence is perceptible by the prominences they form, 
even if they dip deeply into the subcutaneous tissues. Often, even by 
touching them with the point of the index finger passed over the surface of 
the skin, one perceives the existence of the blood-laden tube. 

Piiiicliirc oj the Vein, — The puncture of the vein does not present any 
difficulties if one knows the little details of the (qieration. If one wishes to 
succeed at once and without trouble, it is essential that the needle should 
catheterize the vein, i.e., that it .should fit into it like a trochar into its outer 
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lube. To obtain sucli ideal catheterization it is of primary importance to fix 
the vein in such a manner that it docs not run away before the needle. This 
is obtained by stretching the skin of the arm downwards with the point of the 
index finger or the thumb about 2 in. below the point aimed at. The 
stretching of the skin and the underlying tissue properly fixes the vein. 'J'his 
traction can also be obtained by forming an angle with the middle and index 
lingers of the left hand, this angle being bisected by the vein. Another 
means to immobilize the vein is to pass the left hand behind the arm of the 
patient and to stretch the skin on a vertical level with the thumb on one 
side. This position has the added advantage of fixing the arm as well, but it 
has the disadvantage of Inching the vein. After fixing the vein it has to be 
catheterized. One takes hold of the syringe with the needle and, pricking the 
skin over the vein, pushes the needle forward at a convenient angle. Instead 



30.- Author's method of compressing the veins at the bend )f the elbow for the 
operation of vein puncture. A piece of rubber tubin;t is passed roin d the arm and then 
the two ends (jf the tulMn;^ are passed throu^li one of the apertures 
forceps Kliiy’s pattern), in the way indicated in the liinure. .After } 
of the tubing and then clampin.Lt it, the i>ressure exerted in comjuess 
easily regulated. 


of puncturing with the detached needle, the author considers it preferable 
to fix the needle to the syringe. The syringe is filled with the liquid to be 
injected, and after driving out the air until a drop of liquid appears at the 
point of the needle, the vein is punctured with the needle. At this moment 
the syringe is gently depressed and the piston is gently and slightly with- 
drawn. If any blood appears inside tlje syringe, then the needle is evidently 
inside the vein. To prevent the patient bending his elbow, it is always safe 
to hold the fore-arm a little above the wrist and exert gentle traction along 
its longitudinal diameter. At the termination of the operation the blood 
spilled on to the arm is washed with sterile water or swabbed with sterile 
cotton-wool. A pad of sterile cotton-wool is placed over the point of 
puncture and a little collodion is poured over it and gentle pre.ssure applied. 
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11. Intramuscular Mkthod. 


(n) The intramuscular injection of tartar emetic or sodium antimony! 
tartrate is most painful, altlK)U]L^h not as painful as the suhculaneous injection. 
Castellaui recommends the following formula : — 


R 'Part rate* of antimony 
Carbolic acid 
(ilyecrinc 

Uiicarbonalc of sodium 
Distilled water 


8 gr. (0’52 grm.) 
10 min. 

3 drm. ( 1 1*4 grrn. ) 
!\ gr. (0’02 grm.) 

1 oz. (31 grm.) 


The dose is J. to i c.c. injected every other day intramuscularly into the 
g;hiteal region. Sodium antimonyl tartrate may he used in place of tartar 
emetic in the above formula and may perhaps be less painful. 

(h) Antimony trioxide has been recommended for use in intramuscular 
injections in doses of i to 2 c.c. of a solution of i gr. (o'o65 grm.) of the 
compound in ecpial parts of glycerine and water (50 c.c. each). The solution, 
which is probably a glycerate, is weak in its leishmanicidal properties. 

(( ) Colloidal sulphide of antimony in a 2 c.c. suspension in doses of o*ooi 
grm. has been used for intramuscular injections. 

((/) Hyper-acid antimonyl tartrate (which is antimony trioxide dissolved in 
excess of tartaric acid) plus urethane ( 1 gr. of urethane added to i c.c. of a 1 per 
cent, solution of the Sb./)..) has been used by the author for intramuscular 
injections with very good results. 

Dose : 0*05 to 0‘j c.c. of a i per cent, solution of the acid salt, calcul.ited 
in tei nis of antimony trioxide dissolved in the tartaric acid. The injections 
aie gt'uerally, Init not always, painless. 

{(') Crea stdiamine has been given intramuscularly with benelicial results 
and frecpiently witliout much local irritation, the dose being 0*05 to i grm. 
dissolved in i to 2 c.c. of distilled w.iter given on alternate days. 

(/) Of the aromatic antimonials, intramuscular injections of acetyl-p- 
amino-phenyl-stibinate of sodium were lirst used by Caronia in the treat- 
ment of infantile kala-a/ar. He obtained good results from the administration 
of 3 to 10 cgrm.to children under 2 years, and 5 to i ^cgrm.to older children, 
on alternate days. Subsequent observations of Mackie and others, on the 
other hand, proved that the drug was toxic in its effects. The author has 
observed that in India it becomes toxic with age. 

Some of the amino-antimonyl tartrates, prepared during the course of the 
authoi ’s research with the idea of using them intramuscularly, have been tried 
by him with vaiiable results. They are less painful than the ordinary 
antimonyl tartrates. 


111. Inunctions. 

In children and nervous patients an ointment of powdered metallic 
antimony in lanoline (5 or lo percent.) has been recommended to be rubbed 
in over the splenic region. In many cases it does not seem to make any 
impression upon the course of the disease. This treatment may, however, 
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supplement tlie inlnivcnous injections. Ointment of metallic antimony in a 
state of fine subdivision is more easily absorbed and gives better results. 


IV. Oral Method. 


{a) The following mixture may be given per os (Castellani) : — 


R Tartrate of antimony 
Hicarbonate of sodium 
(ilycerine ... 
Chloroform water ... 
Water 


S ^r. (0’325 ^rm.) 
30 ^r. (2 ^^rm.) 

1 oz. (31 K'rm.) 

1 oz. (31 grm.) 
ad 3 oz. (03 grm.) 


The dose is one to two teaspoonfuls in water three times a day. According 
to the author, the therapeutic value of oral administration of the drug is weak. 

(/>) Ihsnuith antimonyl tartrate has been given orally by the author in a 
few cases. No conclusive results were obtained. Theoretically speaking, it 
should combine the therapeutic properties of bismuth and antimony. 


V. Rectal Method. — Sodium or potassium antimonyl tartrate has been 
administered per rectum, but this method has nothing to recommend it 
and is sometimes painful. Urea stibamine has also been administered 
by the same route. 

In administering an antimonial preparation, such as tartrate of antimony 
or sodium antimonyl tartrate, it must be remembered that the concentration 
oi antimony in the blood has to be high enough to destroy the Lcishmania, 
It appears that, generally speaking, such a concentration can only be obtained 
by tile administration of the above compounds by the method of intravenous 
injection, as sufiiciently large doses cannot be administered by any other 
route without giving rise to distressing local sym|)toms. 

The folhnviiio sviiiplotn^ of iniolemiice may follow ialnivenoiis injection oj 
lariar emetic or sodium antimonyl tartrate : - 

Rigors and rises of temperature, which may sometimes be severe. Occa- 
sionally the patient complains of intense headache lasting for some days, pain 
in the gums, vomiting, troublesome cough, diariiuca or a dysenteric condi- 
tion, which may sometimes be severe and alarming. Sometimes the patient 
complains of a metallic taste in the mouth, and there is a disinclination for 
food, and vague abdominal discomfort. Rarely the patient complains of 
intense abdominal pain, especially over the splenic and hepatic regions, lasting 
for some days, or in the region of the kidneys, associated with dysuria. In some 
cases a bronchitic condition sets in which lasts for some days. 

In some cases oedema of the extremities, or an increase of (edema, 
if already in existence, makes its appearance after the first few injections. In 
a few cases a peculiar suffocating feeling or a feeling of spasm of the glottis 
occurs after the injection. Sometimes symptoms of cardiac depression, with 
a feeble pulse, may appear after the injection, but this is rare. 

In one case, high fever with violent fits set in after injection of lo c.c. of 
a 2 per cent, solution of antimonyl sodium tartrate. The patient remained 
comatose for two days, but afterwards recovered. 
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Jauiulice may appear in some cases after intravenous injection of 
antimonial preparations. Herpes may appear occasionally. 

Sometimes the patient complains of pain in the joints which may be severe 
and last many days. These joint pains generally come alter the treatment has 
been continued for some time. 

In a few cases the patients developed pneumonia shortly after injections of 
sodium antimonyl tartrate or tartar emetic; the same condition was observed 
in one Ctise after intravenous injections of metallic antimony. It seems 
probable that injections of antimonial preparations predispose to attacks ot 
pneumonia. Greatest care should be taken not to expose cases of kala-azar 
to colds or chills diirini^ antimonial treatment. 

If the patient is suffering from bronchitis, it is advisable to postpone 
antimonial treatment, or if bronchitis deveh^ps during the course of treatment 
of the disease, antimonial medication should be suspended for some time till 
the complication disapj^ears. 

In very rare cases, symptoms of paraplegia may set in during treatment 
with sodium antimonyl tartrate or tartar emetic. 

On very rare occasions death from extreme dyspnoea has taken place 
suddenly and unexpectedly after injection of these salts, though several 
injections may havx* i)een given previously without any untoward symptoms. 

The thera[)eutic value of the antimonyl tartrates compared : — 

Thomson and Cushny observ’cd that sodium and potassium antimonyl 
tartrates were ecpially ethcacious in the treatment ('f sleeping sickness. The 
author considers that thev are also of the same value in the treatment ot kala- 
azar. Others liold that the sodium salt is the more efficacious ol the two. 
They give rise to much pain and inflammation when injected subcutaneously 
or intramuscularly, and sloughs may form, especially after subcutaneous 
injections. According to Plimmer and Fry, lithium-antimonyl tartrate is the 
most efficient trypanocide among the inorg.mic antimonyl tartrates. In 
experimental animals it gives much better results when given subcutaneously 
than the corresponding sodium or potassium salt. Among the organic 
antimonyl tartrates, Thomson and Cushny considered that ethyl antimonyl 
tartrate was the most efficient trypanocide of all the tartrates, and though it 
was more poisonous than the potassium or sodium salts, the ditlerence 
between the effective ti y))anocidal dose and the lethal dose was not less 
than that of the other antimonyl tartr.ites, and the optinium dose corre- 
sj)()nded to Bi owning's therapeutic dose, being twai* thirds of the maximum 
dose that average animals tolerate. In kala-azar the author has found the 
drug to be so toxic that he gave up its use. A new’ method of preparing 
the compound has been described by the author. Quinine antimonyl 
tartrate has been found by Fargher and Gray to be the least toxic of all the 
antimonyl tartrates,and this has been confirmed by the observation of the 
author. The author has no experience of the drug in the treatment of 
kala-azar. As stated before, ammonium antimonyl tartrate is less toxic than 
the sodium or potassium salt. It is equally efficacious in the treatment of 
that di.sease. 
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In India sodium aiiliinonyl tartrate is the most popular preparation of all 
the antimonyl tartrates that have been used in the treatment of kala-nzar. 

Bismuth antimonyl tartrate and urea antimonyl tartrate have been prepared 
for the first time in the author’s research laboratory. The former contains 
both bismuth and antimony, and should combine on theoretical grounds 
the therapeutic value of both the elements. 

Urea antimonyl tartrate has been used with success in a few cases. 

It may be stated here that sodium antimony thioglycocollate and antimony 
thioglycocollamide have given good results in the treatment of experimental 
trypanosomiasis. These may be tried in the treatment of kala-a/ar. 

AROMATIC ANTIMONIALS JN THK TKKATMKNT OF KALA-AZAK— 

UKKA STlliAMlNF AND OTHER ORGANIC PKNTA VALENT ANTIMONIALS. 

It will not perhaps be out of place to give here a short history of the 
intioduetion of aromatic antimonials in the treatment of Indian kala-azar. 

'fhe cheiiK )lhei apy of aromatic antimonials in kala-azar infection has been 
the subject of research by the author for many years. In 1920, shortly after 
he had been linanced by the Indian Ivesearch Fund Association for carrying 
on researches into the treatmeiU of kala-azar, acctyl-p-iniiiiio-plicnyl stihiiuitc of 
sodiimi And cnuiNo p/u'iiyl-slibiiiali' 0/ sodium wcvc prepared for the hist time 
in India in his laboratory in the Calcutta Campbell Medical School, and he 
immediately brought to the notice of the Government, the Governing liody 
of the Indian Research Fund Association, and the then Secretary of the 
Calcutta School of 'fropical Medicine, the possibility of the potentialities of 
these compounds in the treatment of Indian kala-azar, his conclusions being 
based on theoretical grounds, from an analogy of the value of the correspond- 
ing compounds of arsenic, namely, (us-dcethi and alo.xyP in the treatment of 
certain protozoal diseases. 

The acetyl compound stib.icetin, slibenyl) was used more or less 
successfully outside India in the treatmeni of kala-azar and other forms of 
leishmaniasis (Carouia, Kharina-Mariinichi, Spagnolio). Manson-Bahr suc- 
cessfully used it in a case of kala-azar. Farly in 1921 the author discovered 
that ure.i could combine with stibanilic acid and that the resulting compound 
surpassed all his expectations in its value in the treatment of kala-<izar. Its 
introdiK'tion by the author and his researches into the chemotherapv of 
antimonial compounds in kala-azar infection opened up a new vista in the 
treatment of the disease in India, by means of therapeutic aromatic antimonials. 

f’/rn sUhtimiiio {ammotiium Ciubditiiiio-sfilhiiiiln/o^ mcd-p-slibunildlc or 
urcd-stibduildtc), 

TREATMENT OK KALA-AZAR WITH UREA STIBAMINE. REVIEW OF THE MOST 
IMPORTANT PAPERS ON THE USE OF THE COMPOUND. METHOD OF 
ADMINISTRATION — I PS DOSAGE — INDICATIONS AND CONTRA-INDICATIONS 
— ADVANTAGES. 

Until recently tartar emetic or sodium antimonyl tartrate was extensively 
used for the treatment of kala-azar in India. These are now being completely 
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replaced by urea stibajnine, on account of its hiji^h therapeutic value and 
marked superiority over the antinionyl tartrates. 

The compound formed by the combination of urea with stibanilic acid 
was named by the author urea stibamine. The medical profession in and 
outside Calcutta soon came to recognize its value from reports of cases treated 
with the drug in the wards of the author in the Campbell Hospital, long 
before the results of his observations were published. His first series of 
successful cases were published in October, 1922. In 1923, Shortt and Sen 
in Assam reported having obtained more brilliant results with this compound 
than those obtained by the author in his first series of cases. 

The (Toverning Body of the Indian Research Fund Association quickly 
recognized its value from reports of the author working in Calcutta, and also 
of those obtained from Shortt and other successive Directors of the Pasteur 
Institute, Shillong, from Christophers, Director of Kala-azar Commission, who 
reported from his experience in Assam about its remarkable efficacy, from 
medical officers of tea estates in Assam, and from the Government of Assam. 
In Calcutta its value was recognized by the physicians of the Calcutta Medical 
College Hospitals and successive superintendents of the Calcutta European 
Presidency General Hospital. In these institutions it was quickly introduced 
and extensively used witli most brilliant results. Its reputation quickly spread 
all over Assam, Bengal, Bihar and Orissa, and to more distant places in India 
such as Madras, Sanawar, Simla Hills, and other places too numerous to 
mention, and every observer who used the drug was convinced of the great 
adv'ance made by its discovery in the treatment of kala-azar. 

Remarking on its therapeutic value, the Secretary, Scientific Advisory 
Board, Indian Research Fund Association, wrote as follows : Both the 

Director of the Kala-<izar Commission and Lieut. -Col. E. D. W. Greig con- 
sider that this drug has a highly specific action in kala-azar, and its value 
has been abundantly testified to by those who have tried it, both in so far as 
it shortens the period of treatment and in so far as it seems able to cure 
intractable cases or cases which are resisting the antimony treatment.” 

The authoi', while discussing with the Director of the Calcutta School of 
Tropical Medicine about the therapeutic value of urea stibamine, soon after 
its discovery, pointed out and suggested to him the possibility of obtaining 
therapeutic aromatic anlimonials from Chemisch Fabrik von Heyden,the only 
compound of that nature then available in England being stibenyl, and 
subsequently ^^471 ” von Heyden was introduced in this institution for the 
treatment of kala-azar. 

Of all aromatic antimonials that have been used up to the present time, 
the most extensive literature has been published on urea stibamine. The 
reports consist of cases treated by different observers, and under different 
conditions, and are therefore most valuable, there being no personal element 
in the choice of cases. 

A Short Rev ien' oj the Most Import ant Papers on the Use oj Urea Stibamine . — 
Urea stibamine, discovered by the writer in the course of research under 
auspices of the Indian Research Fund Association, has been given extensive 
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trials in the treatment of kala-azar by different observers diirii^i^ recent years. 
A review of the most important published papers on tlie compound and of a 
few unpublished ones is given below. 

Chemical Coiisfifiifioii and Toxiriiw — Tlie constitutional formula of urea 
stibamine is NH2CO. NH. SbO. OH. ONH, {Indian Journal of Medical 

Research, October, 1924). The NHgCO. group shows that it is allied to 
tryparsamide, an arsenic compound, upon which the future conquest of 
African sleeping sickness depends, as pointed out by Dale. Originally, it was 
considered to be urea salt of stibanilic acid. 


LKTIIAC EfFI'.CIS I’ROIUJCKD 1 1U)M THK AhMlNlSTRATlON OF A 2 -PKK*('KNl Soi.UTION OF UUF.A 
.ST1I5AMINF, TO OiMNKA-i'lGS itY In'I'RAM usc u i.AR Injkction. ( Brahiiiachari .) 


Dose per ku. 

07 ^rm. 
0-65 ,, 

cv6 

^■5 

045 ,, 

04 »f 
o'35 ’’ 


No. (if Ljiiitiea-pi.t;*' u.mvI No. died 

4 4 

■> ~ 

4 

2 I 

4 I 

4 1 

4 AV/. 


K(!mark> 

M.L.l). 

M.q.L.l). 


M.T.O. 


The maximum tolerated dose of urea stibamine per kilogramme of body 
weight is twenty-three times that of tartar emetic in the case of the guinea-pig. 
The effective dose of urea stibamine in the treatment of kala-azar is live-sevenths 
the tolerated dose for the guinea-pig, while in the case of taitar emetic, it is 
eight times the tolerated dose for the same animal. Urea stibamine is 
therefore a much safer antimonial for use in the treatment of kala-azar than 
tartar emetic or other antimonyl tartrates. 

lvalue of Vrea Stibamine in the Trealmenl of l\ala-a::ar. — I. 'riie first 
paper on the subject was published in October, 1922 {Indian Journal ol 
Medical Research), in which Hrahmachari published a series of eight cases of 
kala-azar successfully treated with urea stibamine. In this papei the toxicity 
of the drug was fully tested, which is summarized above. 

II. The second paper on the subject was that of Major Shortt, l.M.S., 
Special Kala-azar Officer, Pasteur Institute, Shillong, and Dr. R. T. Sen, 
published in the Indian Medical Gazette, July, 1923. In this paper they 
described a series of live cases of kala-azar treated with urea stibamine with 
most encouraging results, 'fhey stated that its advantages were : (a) The short 
course, occupying only two to three weeks necessary for a complete cure ; 
{b) the rapidity with which the symptoms of the disease disappear ; (c) the 
fact that no symptoms of intolerance were met with in any of their cases. 

The cases were particularly severe, as the following remarks of the authors 
will show : — 

1st case. — Case 011 admission was \crv ill with marked (jedema of lc^4s and ;4;reat weakness. 
2nd case. Case on admission, weak with (edema of feet. .3rd case.- Case on admission, emaciated, 
weak and vervaiKemic, 4th case. — Case on admission, e.vtremelv weak with very severe bronchitis. 
Ikirasites very numerous. 

III. The next paper was a second contribution by Brahmachari, published 
in the Indian Journal of Medical Research^ October, 1923, in which he 



Treatinciit 


127 


recorded his further observations on the treatment of kala-azar with urea 
stibamine. A series of nine fresh cases, successfully treated, were noted 
with observations on others previously recorded. The latter had shown no 
relapse after one year after treatment was stopped, the patients being kept 
under observation for the period. 

1 \^ The fourth paper was that of Shortt and Sen, published also in the 
above issue of the luiliaii /oifrnal of Medical Research^ October, 1923. It 
consists of records of twenty one consecutive cases of kala-azar treated with 
urea stibamine, one of which was a very severe case of fulminating type with 
intense infection. All the cases were cured. 

The following observations were made by Shortt and Sen in connection 
with their paper : (a) Tolerance to the drn^. Even in those patients to 
whom the largest total quantity of urea stibamine was exhibited no symptoms 
of intolerance appeared. The greatest quantity administered to any case was 
over 5 grm. The result was in marked contrast to that obtained with the 
usual antimony salts, where, in a large percentage of cases, symptoms of 
intolerance, in the fc^rm of joint pains. &c., appear after greater or lesser 
amounts of the particular salt in use. ib) Amount of urea stibamine and time 
required for sterilization. This varied with the severity and previous duration 
ol the case. Uncomplicated cases of average severity, especially if of recent 
origin, were usually cured by 2 grm. of the preparation. Administered on 
alternate days, this represented a period of about twenty days. A few cases 
were cured more rapidly. Long standing cases and some with very acute 
infections of the fulminating type took a longer period and larger total 
cjuantities before sterilization was established. Several of the cases were those 
which had resisted completely treatment by sodium and potassium antimony 
tartiate, yet in no single case did the authors fail to procure sterilization by the 
use ol urea stibamine. (c) Absence oj tocat irritation . Urea stibamine injected 
subcutaneously produced little, if any, local irritation. The importance ol 
this, especially in the treatment of young children, will be realized by anyone 
who had seen the results of the escaf)e of antimony salts into the tissues, when 
intravenous administration has been attempted unsuccessfully by an unskilled 
operator. This absence of local irritation raises the e]uestion of the possible 
use of this preparation by subcutaneous or intramuscular administration in 
special cases. This method is now being given a trial by us, with apparently 
successful results, (d) Rapidity of action, 'bhe amelioi ation of physical signs 
and symptoms was more rapid than with the ordinary antimony salts. 
Reduction ot the temperature, diminution in the size of the spleen, and 
generally improved condition of the blood, were more rapidly achieved. 
(e) Action in producing lencocytosis. In many of the cases urea stibamine 
had a most beneficial action in producing a rapid improvement in the total 
leucocyte count. This effect, always a favourable sign in kala-azar, was in 
many cases most marked, and would alone be a point in its favour. 

( / j Importance of treating cases as early as possible. The reasons are twofold : 
(i) Early cases were found to yield more readily and rapidly to treatment, 
and the affected tissues were able completely to recover their tone and normal 
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functions. (2) Very old standing or advanced cases might have their tissues 
and organs permanently damaged by the disease to such an extent that, even 
although sterilization as regards parasites was effected, yet their functioning 
would never be recovered and the duration of life would necessarily be 
greatly curtailed. 

The average amount of urea stibamine used per case was found to be 2*6 
grm. The average number of injections required for, and the average period 
occupied in, actual treatment with the drug were found to be twelve injections 
and thirty-two days respectively. When this is compared with the thirty 
injections and ninety days usually required for a minimum full course of 
sodium antimony tartrate, the advantages of the use of urea stibamine will 
be obvious, and the more so, as it is apparently capable of sterilizing some of 
the cases which delinitely resist treatment by the usual salts of antimony. 
This latter fact was evidenced in one case which had received 653 c.c. of 1 per 
cent, solution of sodium antimony tartrate with no apparent beneht, but was 
cured with urea stibamine after only seventeen injections. 

The authors concluded that urea stibamine was by far superior to any 
other antimony preparations in general use. 

V. The fifth paper was that of Hrahmachari, published in the Indian 
fonrnal of Medical Research, April, 1924, wind) gives a series of nine con- 
secutive cases of kala-azar resistani to antimony tartrates cuied with urea 
stibamine. 

By refraefory or resistant cases of kala-a/ar were meant cases which 
resisted treatment with 2 grm. or more of sodium or potassium antinionyl 
tartrate given intravenously in the routine form of treatment of the disease 
extending ov’er a period of two montlis and a half to three months or more. 

The conclusions were : (1) The curative value of urea stibamine and its 
superiority over the antimonyl tartrates were established ; (2) refractory cases 
resistant to antimonyl tartrates yielded to urea stibamine; (3) the short course 
of treatment and die lesser number of injections required in bringing about a 
complete cure were striking ; (4) no relapse was met with among the cases 
that had undergone complete treatment with urea stibamine ; some of these 
were under the aiitiior’s observation for nearly two years after completion of 
treatment ; (5) no relapse was met with among the resistant cases that were 
subsequently cured by urea stibamine. Some of these cases were under the 
author’s observation for about a year; (6) the possibility of using urea 
stibamine intramuscularly was suggested. 

VI. The next paper on urea stibamine is: that of Dr. Percy Foster, 
Badlipar Tea Estate, showing the value of the drug in the treatment of kala- 
azar under tea garden conditions in a series of twenty cases {Indian Medicat 
Gazette, August, 1924). 

Remarks of Dr. Percy Fostei on the progress of his cases during treatment 
with urea stibamine : The rapidity of the diminution of the size of the spleen 
was most marked in a very large percentage of his cases. The manner in 
which tlie fever was checked after the second injection was also a point well 
illustrated in a large number of the cases. Dr, Foster further remarked that all 
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his cases were subsequently inspected and showed a marked improvement 
in ^enend health and weigiit. All the cases were cured, except one which 
died. Three of the cases treated were cases of relapse. 

VI I . Dr. Foster’s work on the use of urea stibamine was continued by 
his successor, Dr. K. L. BaiUM jee. 

Kemarks of Dr. Hanerjee : “ Urea stibamine is a remarkable dru^ and a 
certain cure for kala-a/ai*. The ^reat advantage of this new drug is the short 
i'oiirsr of ircaiincnl . (jenerally it takes three weeks to cure a patient with this 
drug if the injections are given on alternate days, and 1 have practically seen 
cases being cured within eight days after four injections only. What a 
powerful drug it is as compared with other antimony preparations which take 
three to four months to cure a patient ! The cases which resist treatment 
with ordinary antimony preparations are cured with urea stibamine. I have 
seen cases, which got about 400 c.c. of 1 per cent, solution of sod. ant. tart, 
with no effect, cuied by urea stibamine within three weeks. Fever subsides 
after one or two injections and the general health improves rapidly, more so 
after the injections are over. My treated cases are now enjoying excellent 
health, and those who had some enlarged spleen at the end of the treatment 
have their spleen reduced to normal size. 1 have not any bad effects after 
urea stibamine injections. No joint pains are complained of by the patients. 
Children tolerate the drug very well, and 1 liave given them in increasing 
doses from o‘o5 gnu. to 0*25 gnu. without any bad effects. If a little of the 
solution goes by chance into the tissues there is no marked pain or bad effect, 
but only a slight inflammation is noticed which subsides within two or three 
days. 1 have given urea stibamine intramuscularly in the gluteal region to a 
child without any evil effects, and the child was subsequently cured.” 

'Pile cases treated by booster and Banerjee belonged to Hantley 'Pea Estate, 
Assam. The total number was sixty-seven. Leaving one case that was 
admitted into hospital in a moribund slate, and another, aged 35, weighing 
only 73J. lb. and having lung complications before admission, the percentage 
of cures was 98 per cent., the proof of cure being negative results from spleen 
puncture and disappearance of the symptoms at the time of discharge from 
hospital and subsequent following up of the cases after discharge from 
hospital. Of the cases treated, three required four injections, twenty-two 
between four and eight for complete cure, and the average for all the cases 
treated was ten. 

VIII. The next paper is that of Dr. Dodds Price, Medical Oflicer, Solana 
Tea Estate, on cases of kala-azar showing little or no improvement with 
sodium antimonyl t.irtrate, subsequently cured by urea stibamine {Itulian 
Medical GazetiCy September, 1924). 

The present writer was very kindly furnished by Dr. Dodds Price with notes 
of thirty-seven such cases, the first eight having been published. Besides, 
Dr. Dodds Price sent him notes of fifteen other cases with the following 
remarks: **A11 these were taken in the early stages of the disease, and the 
results have been uniformly successful, and no case has required more than 
ten injections, the average working out at seven.” 
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IX. The next paper is that of Hrahmachari on the value of urea stibamine 
in the treatment of early kala-azar, published in the f luiinii /oitriial of Mciiical 
Research y October, 1924. 
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Hrahmachari concluded as follows : “ Urea stibamine cuts short the 

course of kala-a/ar to a remarkable de<^ree, if administered in its early sta^a*s. 
The same conclusions have been arrived at from observations made by 
different observers in diffeient places. Its beneficial effects in its early stages 
are noteworthy. 

It is evident from an economic point of view and in the interests of the 
miserable sufferers, tliat the use of urea stibamine in the early staj^es of the 
disease cannot be over-emphasized.” 

X. The next paper is that of Dr. Michael, Medical Officer, Agricultural 
Research Institute, Pusa, published in the last edition of the author’s Kala- 
AZAR AND ITS TREATMENT (l 925). 

Dr. Michael concluded as follows: (i) The most important action of urea 
stibamine appears to be the rapidity with which it checks the toxccmia of 
kala-a/ar, as evidenced by rapid reduction ol fever. 'Fliis opens out ^reat 
possibilities in the treatment of the disease with urea stibamine in its early 
stages, the advantages to be gained in an epidemic, for instance, bein^ 
immense. (2) Urea stibamine is practically non-toxic in its action and does 
not set up irritation of the vital organs. (3) It causes a much more rapid 
reduction of the spleen than tartar emetic or sodium antimony tartrate. 
(4) The advantages to doctor and patient alike of a very short course of 
injections tor cure need no comment. 

XI. The next paper on urea stibamine is a paper of Hrahmachari and 
Maity, containing a very interesting series of kala-azar cases cured with urea 
stibamine in thirty-two hours to seven days (published in the Indian Journal 
of Medical Research, April, 1923). Some of these cases had an inlensive course 
of treatment consisting of multiple injections of urea stibamine during twenty- 
four hours. 
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XII. TIic next papLM* is that of Captain Kapur, Resident Physician, 

Medical Colle^^e Hospital, Calcutta, on Observations on the Treatment of 
Kala-azar with Urea Stibaniine in the xMedical Out-Patient Department of the 
Medical College Hospital, Calcutta” {Indian Medical Ga::ellc, vol. lx, 1923). 
They include a series of cases which were found to be dehnitcly resistant 
to treatment with antimonyl tartrates. 

Ohsenuilions. — (i ) The course of treatment with urea stibaniine for briiij^in^ 
about cure in kala-azar is remarkably short. In some of the cases cure took 
place in only seven days. In case of antimonyl tartrates, the course of 
treatment frequently extends to more than three months. 

(2) The average number (d' injections required for a course ol treatment 
witli urea stibaniine is seven, while in the case of antimonyl tartrates it 
frequently amounts to thirty or more. 

(3) TUv benehcial effects obtained with urea stibaniine in cases resistant to 
the antimonyl tartrates are strikini^'. 

(4) laundice and allnuninui ia are no contra-indications to the treatment 
of kala-azar with urea stibaniine. Such cases are best treated with small 
doses slowly increased. 

(5) No signs of intolerance were observed in any of the cases. Sometimes 
a reactionary fever took place after injection which subsided after a few 
hours. 

(6) Cases in which signs of intolerance showed themselves after injection 
of sodium antimonyl tartrate bore urea stibaniine very well. 

(7) The most striking results with urea stibaniine are {a) rapid disappear- 
ance of the spleen ; (h) rapid subsidence of the fever ; (r) early disappearance 
of leucopenia ; and (//) short course of treatment required for a complete 
cure. 

XI II. The next paper is that of Major Shortt and Sen, being entitled. 
Final Report on the Use of Urea Stibaniine in Kala-Azar,” published in the 

Indian Journal of Medical Research, October, 1924. 

'I'he following conclusions are quoted from that paper: We consider 

that the value of urea stibaniine has been established as the most efficient 
drug at present in use for the treatment of Indian kala-azar. The conclusion 
is based not only on a series of cases of which we have published the details, 
but in addition on experience gained in many other cases, both Indian and 
European, which have passed through our hands or which have been treated 
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with urea stibamine under our direction, a number totalling nearly one hundred 
cases.” 

XIV. The next paper is that of Colonel Greig, Director, Pasteur Institute, 
Shillong and S. Kundu, published in the Indian Journal of Medical Research, 
April, 1925. It gives the records of fifty-one cases cured by urea stibamine 
with complete sterilization of the internal organs. 

X\\ Vhe next paper is that of Kundu, published in the December issue 
of the Indian Medical Gai-Alc, 1925. It shows the value of intramuscular 
injection of urea stibamine in the treatment of kala-azar. 

XVI. The stability of urea stibamine. Major Shoiit, Director of Kala- 
azar Commission, has observed that urea stibamine stored in sealed ampoules 
for six months without any other precautions showed no deterioration or 
other change either in physical charact( r or therapeutic properties. 

A paper on the tt)xicity and therapeutic value of old samples of urea stiba- 
mine, by Brahmachari and Maity, has been published in the Indian Journal 
(September) and Cahiiila Medical Journal 1926. They 

conclude as follows : “Urea stibamine has been found to remain perfectly 
stable up to the time of our observation, i.e., January, 1926, after having been 
preserved in sealed ampoules since 1922 under ordinary conditions in Calcutta 
and elsewhere without any deterioration, i.e., four years after the samples had 
been preserved. The therapeutic properties of these old samples remain fully 
intact and these have l)een used in the treatment of kala-azar without any 
untoward results. There is no difference in toxicity between old and new 
samples of urea stibamine.” 

Method of Administration — Dosage — Indications and Contra-indications — 
Advantages. 

Preparation of Solution and Mode of Administration. — It should be used 
intravenously dissolved in cold sterile watei. The solution should not be 
boiled. For making the solution dissolve o'o^ grin, and i grm. in i c.c. of 
water, 0*15 grm. and 0*2 grm. in 2 c.c. of water. Always use a fresh solution. 

Dosage. — It is always desirable to start the treatment as soon as diagnosis 
of kala-azar is made, as the cases treated in the early stages of the disease 
frequently show the speediest recovery. 

For adults, begin with 0*05 grm. and increase by 0*05 till the dose reaches 
O’ 2 grm., which is generally the highest dose. Any one of the doses may be 
repeated, according to the discretion of the physician, before proceeding to 
the next higher do.se. (Some observers begin the treatment of the disease 
with 0*15 grm. or 0’2 grm. with .satisfactory results.) Generally, the injections 
are given twice a week, th( 3 Ugh more frequent injections also may be 
given. The injections should be continued till the symptoms of the disease 
disappear. 

For children about 5 years of age, begin with half tlie initial dose for 
adults, i.e., 0*025 ^*‘*^^* increase up to 0*05 grm. or o*t grm. Any one of 
the doses may be repeated, according to the discretion of the physician, before 
proceeding to the next higher dose. 

For children about 1 year of age, begin with one-fifth the initial dose for 
adults and increase up to 0*025 grm. or 0*05 grm. 
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hulicalions and Conlni 4 iuika/ions. — (i) Urea stibamine is indicated in all 
cases of kala-azar. It has been used in cases complicated with bronchitis or 
dysentery without any untoward results. In cases of leishmama dysentery it 
cures the condition. If, however, dysentery develops during treatment, then 
it is desirable to stop the injection for a time or give it in smaller doses. 
(2) In cases with marked nephritis and <edema, begin with smaller doses. If 
the cedema increases, give the doses at longer intervals than before. (3) Very 
advanced cases should be treated, beginning with small doses which should be 
slowly increased. 

Adrdiitaifcs of Trcaiinciif wilh Urea S/ihaiiiiiic. — (1) The short course 
occupying only two to three weeks for a complete cure. (2) 'I'he appearance of 
early and marked leucocytosis, rapid disappearance of the fever, of splenic and 
hepatic enlargements and of aiiicmia, oedema and cachexia, in fact, of all the 
symptoms of the disease, and reversion to normal state of health. (3) The 
absence of symptoms of intolerance after its administration. (4) It is most 
valuable in the treatment of relapses, or in the cases resistant to sodium 
antimonyl tartrate or tartar emetic. (3) Observations have sliown that early 
cases are cured after four or hve injections, and sometimes even after fewer 
injections. 

In a series of twenty-eight successive cases in the wards of the Calcutta 
Medical College Hospitals, under the different physicians, the temperature came 
down to normal in fourteen after the first injection of urea stibamine, in six 
alter the second injection and in six after the third injection, i.e., in 30 per cent. 
ol the cases the temperature came down to normal after the (irst injection. 

In a combined series of ig4 successive cases observed by the different 
physicians in the indoor and outdoor departments in the above hospitals, 
and by Shortt and Sen, as well as by Greig and Kundu, in the Kalar-azar 
Research Hospital at the Pasteur Institute, Shillong, the total average 
amount ol urea stibamine retiuired for i:ure was 1*71 grm. This includes 
the average actual amount of urea stibamine used, the average sterilizing 
dose as estimated by blood-culture being less than this. 

In the same series as above, the average number of injections per patient 
required for cure wasS*25, and the average number ol days was i6*0. 

As already noted, cases of cure with much smaller amounts of urea 
stibamine and with much fewer injections and in much shorter periods, 
have been observed, as will be seen from the following table : — 

Tablk siiu\vjn(; a Xu.mhkr or ('asks (’ured hv less than dnk cramme ok Urea Stibamine. 
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In the cases recorded above the proof of cure was based on repeated 
blood-cultures and keeping the patient under observation, which in some 
cases in the Calcutta Medical College Hospitals extended from three to live 
months after completion of treatment. 

In a combined series of 325 published cases, 98*47 per cent, of the cases 
were cured. One of the cases died of extreme asthenia, being admitted at the 
age of 65 in a moribund condition. In 298 of these cases, proof of cure 
was microscopic and cultural examinations and disappearance of symptoms, 
and in twenty-seven cases proof of cure was clinical disappearance of the 
symptoms and subsequent observation of the cases. One case was resistant. 

Oihcv Aroiiidiic Thcrapcutu An/inionidls. 

Si Uni mine is the name given by the author to p-amino-phenybstibinate 
of sodium (Joiini. Trof^. Med, >921). It is the antimony analogue ot 

p-ami no-phenyl-arsenate of sodium (— atoxyl or soamin). It has been pre- 
pared in the author’s research laboratory. The pure compound is fairly 
stable and its solution is neutral. The author was the lirst to introduce the 
compound in the treatment ot kala-a/ar, and repoited a few cases showing 
its curative value. One case was cured with 1*2 grin, ol the compound. 
It is slightly more toxic than urea stibamine. 

Mctadiloy-acciyl-p ainiiio-slibinnlc of sodium was prepared in the author’s 
research laboratory and was named by him chloro-stibacetin. It has been 
supplied by von Heyden under nauK* of von Ileyden ‘‘471/' and subsequently 
under the name of stibosan. The total average amount lequired for cure 
with chh^ro-stibacetin was 2*75 grin., and the average number of in jections w;is 
fifteen. Napier seems to be the onlv obsei ver who has given an extensive 
trial to the compound. In his series the average number of injections for 
cure was i3’3, and mean number of injections prioi to the cessation of fever 
was 5'6, and the mean total dose was 278 grm., and the death-rate in his series 
was 10*6 per cent. In thirteen cases treated with the compound by Greig and 
Kundu, the average amount required for cure was 2*0 grm. and the percentage 
of uncured cases was fifteen, one case proving resistant. 

Siibiglyciiit'-imiide is the name given by the author to N-phenyl-glycine- 
amide-p-stibinate of sodium. The author has published records of his 
observations on eight cases showing the value of this compound in the 
treatment of kala-azar, all the cases being cured {I ndian Joimial of Medicine 
and Calcntia Medical /ouriinf June, 1926). 

The (jlncose Coniponnds . — It has been observed by the author that stibamine, 
urea stibamine, and other allied compounds have the property of combining 
with glucose in molecular proportion. Weight for weight the resulting com- 
pound for urea stibamine is weaker in its therapeutic properties in proportion 
to its antimony content, (jlucose stibamine has been prepared in the author’s 
research laboratory by the combination of glucose with stibamine in molecular 
proportions. It has been put on the market under the name of neostam 
(B. W.andCo.). In Napier’s series of eleven cases treated with neostam, the mean 
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number of injections was lyH and the mean total dose was 2*5^ ; the mean 
number of injections prior to the cessation of fever was 5*4. There was one 
death in this series of eleven cases. Greig and Kundu tried this compound 
in two cases only, and therefore no conclusion can be drawn from these two 
cases. 

Para-amino-phenyl-stibinic acid in combination with urea and glucose. 
In Napier’s series ol fifty-two cases treated with p-amino-phenyl-stibinic acid 
in combination witli urea and glucose, there were two deaths and two resistant 
cases not yielding to the drug. This gives a percentage of about eight for 
unciired cases in his series. 

\ on Heyden ‘^693” has been used by Napier in the treatment of kala-azar. 

The Thkrapei:tic Value ok the Different Aromatic 
Antimonials Compared. 

The comparative value ol the aromatic antimonials in the treatment of the 
disease depends upon tlieir toxicity and therapeutic effects following their 
administration. These again depend upon their chemical configuration and 
their physico-chemical properties. 

( 1 ) The Aroinniic Antimonials of the Siihino-hcnzriie (ironp. 

Antimonials oi the stibino-benzene type have not yet come into use in the 
treatment ot human diseases, though they have been used with indefinite 
results in the case of certain diseases of animals. 

Frivalent aromatic antimonials of the type of salvarsan or neo-salvarsan 
will probably be in future the further advance in the antimony treatment of 
kala-azar. 

( 11 ) I he Aionuitie Antimonials deiivcd from p-stduinilie arid (p-aminn- 

phen\l-stihinie arid), 

hrankel is not juslifiecl in stating that changes in the molecular structure 
ol antimony compounds do not bring about an increase of their therapeutic 
pr(4>erties. Crea stibaniine is just as useful in the treatment of kala-azar as 
atoxyl in diseases for which it has been recommended. Taking the published 
cases oi different observers, under different conditions and in different places, 
it is obvious that of all the aromatic antimonials, the most e.xtended trial has 
been given to urea stibaniine. On the other hand, observations upon the 
other aromatic antimonials are mostly limited to observations of single 
individuals. 

It will be seen Irom the above that urea stibamine is the most powerful of 
all the aromatic antimonials so far used in the treatment of kala-azar. Regard- 
ing stibamine and N-phenyl'glycine-amide-p-stibinate of sodium, no compari- 
son can be made at present with the other aromatic antimonials, as neither of 
them has yet been given an extended trial in the treatment of the disease. 

On theoretical grounds, N-phenyl-glycine-amide-p-stibinate of sodium, or 
stib-glycine-amide as the author has named it, should be of very marked 
therapeutic value, as it contains the group NH.jCOand is allied to tryparsamide. 
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Napier’s observations lead to the conclusion that the chloro-stib-acetin 
(= stibosan, von Heyden) is weaker in its therapeutic effects when compared 
with urea stibamine. 

The therapeutic value of the glucose compounds as compared with the 
compounds from which they are derived is proportional to their antimony 
content, and the same conclusion is arrived at on theoretical considerations. 

The author has not yet tested the value of von Heyden ^*693.” It is stated 
to be p-amino-phenyl-stibinic acid in combination with an amine, but this 
gives no idea about its chemical composition. 

The antimony content of some of the aromatic anlimonials is given 


below 

StihaiiiiiK* ... ... ... ... ... ... 4210 pL*r cent. 

T'rca stibamine ... ... ... ... ... 

CMiIoro-stib-aeetin ( = stibosan, von Heyden “471 ... 33'3 

(ilncose-slil)ainine ... ... ... ... ... 25S 

Glneose-urea stibamine ... ... ... ... 23 S 

\-]>henyl-j4lycinc-amide-i'-stibinate ot sodium ... ... 2‘r3 


It may be .stated that, generally speaking, the therapeutic value of the 
aromatic antimonials derived from p-amino-phenyl-stibinic acid is propor- 
tional to their antimony content. 

As stated before, urea stibamine has be(*n observed to manifest no deteriora- 
tion or other changes, either in physical and chemical characters or in 
therapeutic properties, if kept in sealed ampoules under ordinary conditions. 
It has been claimed that antimony compounds which can be stored in 
ordinary stoppered bottles and weighed out when recpiired are the most useful 
for general purposes. In the author’s opinion such compounds must have 
more or less the same stability as the antimonates and, therefore, there is less 
chance of the production of the reactive — Sb = O in the tissues after their 
administration which, the author considers, is responsible for the benelicial 
results following the administration of an antimony compound. This 
explains why antimonates in which antimony exists in the pentavalent form 
arc of very little value in therapeutics, as they are very stable and quickly 
excreted unchanged after this administration. The same fact also holds 
good in the case of arsenic. 

As regards toxicity, the author has observed that the toxicity of compounds 
obtained from para-stibanilic acid is proportional to their antimony content. 
His observations are different from those of Napier, who found urea stibamine 
and its glucose derivative equally toxic. This latter observation is somewhat 
significant, as this would mean that the antimony content ol urea stibamine 
is one half times less toxic than its glucose derivative. 

COMPARISON OK THE THERAPEUTIC VALUE OK THE VARIOUS ANTIMONIAL 

PREPARATIONS AND THE MODES OF ADMINISTRATION IN THE TREAT- 
MENT OF KALA-AZAR. 

Until recently the antimonyl tartrates were most commonly used in the 
treatment of kala-azar. Since the introduction of urea stibamine by the 
writer, the antimonyl tartrates are being quickly replaced by this new com- 
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pound. As staled before, its advantages include the short course of treatment, 
occupying only two or three weeks or less for a complete cure in many cases, 
and the rapidity with which the symptoms of the disease disappear. Cases 
that resist tartar emetic or sodium antimonyl tartrate quickly yield to treat- 
ment with urea stibamine. 

Antimonious oxide suspended in solution of sugar and gum arabic, or in 
30 per cent, emulsion in oil (trixidine), has been found to be of therapeutic 
value in the treatment of trypanosome-infected experimental animals. Yorke 
and Hlackmore have also used trixidine in oily suspension intramuscularly 
with beneficial results. Kolle, Hartoch, Kothermundt and Schurmann 
consider that the formation of a deposit of an insoluble slowly absorbable 
compound of antimony, such as antimony trioxide, acts prophylactically 
against trypanosome infection. The principle of the employment of insoluble 
organic compounds of antimony, either in ointment form or through the 
formation of intramuscular depots, constitutes what the authors designate 
iUcvapia uiitc ciininSy as contrasted with tlierapia iiingiia sfcrilaiis, Rogers 
used it in kala-a/ar. In the author’s experience it is weak in its therapeutic 
juoperties in kala-azar. It may perhaps be used in kala-azar in resistant cases, 
along with intravenous medication, and evidently an intramuscular injection 
of such a compound is likelv to be more useful than substances of the nature 
of T.C.C O. 

Plimmer and Bateman opened up a new vista when they showed that anti- 
mony in metallic form was more effective in trypanosomiasis than its soluble 
salts. The metal can be prepared in a state of very fine subdivision. It was 
first used intramuscularly in various media, such as Lambkin’s medium. The 
intramuscular injection is very painful. It was subsecjuently recommended to 
be given intravenously, and the results obtained surpassed in its therapeutic 
effects any of the preparations of antimony that were used before. Ranken 
found that it never gave rise to any blocking of the capillaries, being quickly 
absorbed by the leucocytes. 

The author’s observations have proved the superiority of metallic antimony 
over the antimonyl tartrates. In some cases in which the soluble salts, such 
as potassium antimonyl tartrate and sodium antimonyl tartrate, did not show 
any improvement in the blood condition or the temperature of the patient 
after several injections, metallic antimony brought about complete cure. 
Such cases belong to the refractory types of the disease, but are not 
uncommonly met with. 

In addition, the number of injections required for a course of treatment 
with metallic antimony is much smaller than those of the tartrates. Three 
or f(nir injections frequently cure the patient, though in one or two cases 
the injections given were as many as eight or nine. Even then the number 
of injections is less than what is generally required in the case of the 
antimonyl tartrates. 

The only objection is, no doubt, the complicated technique of the 
operation of injection, which is a serious obstacle to mass treatment of the 
disease. 
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In previous works on kala-azar the author held the view that metallic 
antimony was the most powerful of all the leishmanocides, and there is no 
doubt that this was so till his introduction of the aromatic antimonials in the 
treatment of kala-azar. His present view is that, apart from the complicated 
method of its administration, it is one of the most powerful drugs in the 
treatment of kala-azar. It should be tried in those resistant cases in which 
other antimonials may fail. 

In studying trypanosomiasis, Ehrlich thought that the trypanosomes 
assimilated the organic derivatives of arsenic only when the arsenic was 
present in the trivalent and not in the pentavalent form. Similarly, the 
experiments of Kolle, Hartoch, Rothermundt and Schiirmann have shown 
that compounds containing pentavalent antimony were not organotropic, 
except in large doses, and were at the same time slightly parasitotropic. 
Preparations containing trivalent antimony were, as a rule, exceedingly toxic 
to the organism, and at the same time it was also shown by these observers 
that for antimony compounds, soluble or insoluble, organic or inorganic, to 
be of therapeutic value in trypanosomiasis, antimony must be in the trivalent 
form. 

The more recent researches of the author and others that have followed 
him have, however, proved that the aromatic pentavalent antimonials are 
much more potent in the treatment of kala-azar than the trivalent antimonyl 
tartrates. 

As stated before, antimonials of the stibino-benzene type have not yet 
come into use in the treatment of human diseases, and that trivalent aromatic 
antimonials of this type will probably be in future the next advance in the 
antimony treatment of kala-azar. 

Hy studying the excretion of antimony in man after intravenous injection 
of the aromatic antimonials of the type of urea stibamine, and also of tlie 
antimonyl tartrates, the author has been able to explain the superiority of the 
former over the latter. He has observed that in the case of tartar emetic 
the curve of excretion is one slowlv converging to the base line. The 
following extracts are made from his paper in the Indian foniiial of Mcdiml 
AY'S^vz/t//, January, 1924: '‘By studying the excretion of antimony we have* 
come to the conclusion that antimonials of the type ol urea stibamine are 
converted within the body into trivalent oxide of antimony, similar to what 
happens in the case of organic pentavalent arsenicals, before they are capable 
of exhibiting organotropic and parasitotropic properties. This may be 
illustrated graphically in the following way : — 

^OH 

K.Sb^ O K.Sh O 

OR* 

" It is possible that - Sb O is more reactive and more powerful in its 
parasiticidal properties when an organic antimonial is changed within the 
body into one containing it than when it exists in the antimonyl tartrates. 
VVe may for the present assume that the parasiticidal properties of antimony 
compounds depend upon the radical — Sb ^ (), similar to what exists 
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in the case of arsenicals, in which the parasiticidal properties depend upon 
— As ^ O/' The amount of antimony excreted in the urine durin^^ the first 
twenty-four hours after intravenous injection of tartar emetic is about 6 per 
cent, of the amount injected. The amount of antimony excreted in the 
urine during the hist twenty-four hours after intravenous injection of urea 
stibamine is 30 to 40 per cent, of the amount injected. Tlie excretion of 
antimony after intravenous injection of a pentavalent organic antimonial 
follows a curve, the first portion of which, representing the excretion during 
the first twenty-four hours, is abrupt, and the second portion follows a course 
similar to that found in the case of tartar emetic. It is probable that a penta- 
valent organic antimonial is converted in the body into a trivalent antimonial, 
and that as long as it exists in the body in the pentavalent form its rate 
01 excretion is much quicker than when it is converted into the trivalent 
form. During the latter stage the curve of excretion is similar to that of 
tartar emetic, in which antimony exists in the trivalent form. Since a great 
portion of antimony present in an aromatic pentavalent antimonial (urea 
stibamine) is quickly eliminated, the chances of toxic action of the compound 
are much less than that of an antimonyl tartrate. In the process of con- 
version of an aromatic pentavalent antimonial in the body into a compound 
containing trivalent antimony, a reactive - Sb - O is formed, which is 
[uobably responsible for the remarkably beneficial results observed in the 
treatment of leishmaniasis by the use of urea stibamine. The low toxicity 
of urea stibamine, the fact that no intolerance towards the drug is likely 
to take place on account of the quick elimination of a large proportion of it, 
the fact tliat it is perhafis converted in the body into a trivalent antimonial 
containing a reactive - Sb - () radical, and the fact that its therapeutic value 
is very great, make urea stibamine the best of all the antimonial compounds 
that have so far been discovered lor the treatment ot leishmaniasis and other 
diseases in which antimony is indicated. 

As has been proved before, clinically speaking the same conclusion has 
also been arrived at. We would close the chapter by quoting the remarks 
of Short! and Sen, which they made in 1925 : “ We consider that the value 
of urea stibamine has been established as the most efficient drug at present 
in use in the treatment of Indian kala-azar.” This statement, according to the 
present writer, remains ecjuallv true to-day. To this may be added the 
remarks of Dodds Price: “I am of opinion that urea stibamine is a most 
valuable remedy in the resistant types of the disease, and 1 strongly urge that 
it should be resorted to if, after a few injections of sodium antimony tartrate, 
a patient does not show marked improvement.” The author would only add 
that metallic antimony should be resorted to in those very few cases which 
may be resistant to urea stibamine, and which perhaps do not go beyond 3 per 
1 ,000, or less. 

Tp to now the intravenous method of administration is the most effective 
form of treatment. The late Sir Patrick Manson once wrote to me as 
follows : “ Go on in your efforts to get an antimony compound that can 
be used as an intramuscular injection, or, better still, as a drug that can be 
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iidininistcrcd by the mouth.’’ Tlie therapeutic value ol an antirnonial depends 
upon its concentration in the tissues alter administration. Unfortunately, 
ordinary antimonials cannot be administered orally, intramuscularly, or per 
rectum, in such doses as to brin/4 about this concentration, without atthe 
same time i^ivin^^ rise to local distressing symptoms. The new amino-anti- 
monyl tartrates containinj^ radicals, possessing anaesthetic properties, and to 
which the author has already referred, may be worth trial by these routes. 
Ointment of metallic antimony in a state of finest subdivision may be more 
easily absorbed and less irritating than that made with ordinary metallic 
antimony. 

*'I^AYEK 205.” 

In a lew cases '‘Bayer 205” has been used by the author, but the 
results have been unsatisfactory. Others, with the exception of Yorke and 
Arcoleo, have had the same experience. Yorke reports one case which was 
apparently benefited liy this compound. 

BISMUTH. 

In a limited number of cases the author has used bismuth compounds 
in the treatment of the disease. Soluble bismuth tartrate, bismuth in the 
form of precipitated metallic bismuth suspended in isotonic salt solution 
(neo-trepol), or tartro-bismuthate of potassium and sodium (trepol) may be 
emplf>ved for the piu'tiose. 'Fhe dose of soluble bismuth tartrate is 1 c.c. to 
10 c.c. of a 1 pel' cent, aqueous solution given twice a week as an intravenous 
injection. In a few cases the patient made a complete recovery. It is as 
vet too eai lv to compare the relative curative values of antimony and bismuth 
in the ti'eatmt'nt of kala-a/ar. 

log. 34 allows tlie temperature chart of a patient cured with intravenous 
injections of bismuth. 


Ancillaky Treatment. 

In addition to specific treatment with antimony, symptomatic treatment 
for complications has to be given when required (see Chapter on treat- 
ment of Complications). Generally speaking, no ancillary treatment is 
nowadays needed. In some cases in which the leucocytes do not increase 
with proper rapiditv, the various leucocyte-increasing methods of treatment 
mav be adopted, but generally they are of no avail. A short account of the 
methods that were adopted in the pre-antimony days is given by the author. 

Attempts have been made from time to time to treat the disease by local 
irritation with the idea of bringing about leucocytosis. The use of blisters 
over the spleen, or the introduction of a seton into the muscles of the arms or 
the legs, was advocated long ago in the treatment of enlargement of the 
spleen. In some cases the use of the seton was followed by a septic infection 
witli an excessive pus formation, resulting in apparent diminution of the 
spleen and amelioration of the symptoms or complete cure of the disease. In 



142 


Kala-Azar 


•other cases, the treatment was not followed by any ^ood results. In some 
places the patients used to insert a seton consisting of a piece of dirty string 
through a loop of skin over the spleen, thus keeping up a constant irritation 
•or suppuration. In Bengal, sometimes, a piece of dirty wood is inserted into 
the muscles of the arm or leg or over the splenic region. Sometimes the 
skin is scarihed over the spleen and the leaf of a tree of the ficus order rubbed 
in, followed by the application of a powder made by burning the core of 
the jack fruit. 

Muir states that injection of turpentine increases the polynuclear 
leucocytes of the blood. He advocates a solution of one part of turpentine, 
camphor and creosote, and two lialf-parts of olive oil (T.C.C.(X), five to fifteen 
minims of which are injected into the muscles on both sides of the body, the 
latissimus dorsi or gluteus being most suitable. 

These injections are very painful and are not always followed by leueo- 
•cytosis, and do not seem to infiueuce the course of the disease. Sometimes 
blisters have been caused over the splenic region bv the application of liq. 
epispasticLis, and ulcers produced thereby have been kept up by application of 
ung. sabiiue. Sometimes, again, after cutting into the skin and subcutaneous 
tissue, aseptic glass balls have been introduced into the cuts ; the deep ulcers 
produced thereby have been kept up by the retention of these balls. 1'hough 
it has been possible to bring about a temporary leucocytosis, the effect is 
never permanent and the ulcers tend to heal up. The effects, on the whole, 
are unsatisfactory. The author has never seen a single case cured simply by the 
injection of turpentine. 

In cases of experimental trypanosomiasis Ciuca has obt. lined better results 
by the combination of ato.xyl with production of abscess of fixation by 
injecting 0*5 to t c.c. of essence of terebene as high as possible on the external 
surface of the thigh in cases of experimental trypanostimiasis, than with 
atoxyl alone. Me thinks that the abscess of fixation produces trypanotoxyl 
more quickly and efficiently. 

It has been claimed that in cases which have hard fibrous spleen, one or 
two injections of T.C.C.C). will bring about a considerable softening and 
diminution in the si/e of the spleen. 'Phis, however, has never been observed 
by the author, and it is difficult to understand how the fibrous tissue ol 
a fibrous spleen can be softened by its administration. As stated before, it 
may be advantageous to give an injection of trixidine in some cases to try to 
bring about inflammatory leucocytosis, and to combine with it the l)eneficial 
elfects of antimony. 

Attempts were made by the author to bring about leucocytosis in kala- 
azar by oral, subcutaneous or intravenous administration of hetol. No per- 
manent leucocytosis has been obtained by this method. In some cases a 
temporary increase of leucocytes was obtained, but this quickly disappeared. 
In one case the patient was given more than too injections of hetol. 

In one case the patient was given 25 injections of nuclein in 20-minim 
doses on successive days, but no improvement followed in the leucocyte count 
of the blood. In another case the patient was treated with hetol (gr. iij) and 
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nuclein (minims x\) jL^iven intnivcnously on alternate clays for nearly two 
months. There was slight imprewement in the general condition of the 
patient and apyrexia existed for some time. Yeast has been tried internally 
without any benefit. 

l^ogeis used o’l to o‘4 grm. of sodium nucleate subcutaneously. The 
effect on the leucocytes was very disappointing, frequently no increase of the 
leucocytes taking jilace, while in no case did any slight rise which ensued 
persist for any length of time. Phylacogens have been tried by Kogers as 
well as by the author without any good results. 

Leucocyte extract has not yet been used for bringing about leucocytosis 
in kala-azar, and may be probalily worth a trial to bring about increase of 
leucocytes. Leucocyte extract was tried in trypanosomiasis by Alexander. 
'I'his was prepared by injecting Mellin’s food into the pleural cavities of rabbits, 
"idle r.ibbits were killed and the accumulation of leucocytes was taken from 
tbe pleiiial cavities and extracted with sterilized distilled water. One in- 
jection produced a very great increase of leucocytes in tlie blood on the 
following day. Infantile kala-azar was treated by Nicolle and Cassuto by 
hemoplase (extract of red corpuscles) in doses of 4 c.c, along with atoxyl. 
There was a gieat im|')rovement in the general condition, but the patient 
subsequently died during a violent attack of dyspiuea. These methods of 
treatment Iiave not been tried in Indian kala-azar. 

In a few cases Coley’s fluid was used by the author. There was slight 
increcise of the* leucocytes in some cases, but the effect was not permanent. 

Rogers made an extensive use of vaccines in the treatment of kala-azar. 
A number of cases were treated by repeated subcutaneous injections of dead 
staphylococci. In almost all of them there was marked increase ol the 
leucocytes. The iinj)rovement was temporary in nature, and a time came 
when the injections of the vaccine failed to further increase the leucocytes or 
improve the general condition. Rogers further tried subcutaneous and 
intravenous injections of sensitized living staphylococcus vaccine, and 
claimc'd to have obtained satisfactory results by combining them with spleen 
tabloids and alkalies. 

Hassett-Smith described a case of kala-azar treated with some benefit with 
intramuscular injection of soamin (3 to 5 gr.) twice a week, together with some 
injections of an autogenous vaccine prepared from cultures ot the patient’s 
own flagellates. 

Row got favourable results in the allied disease of oriental sore by injection 
of a vaccine deiived from cultures of the LcisJujuiiiia of oriental sore. 

The high fever may be treated with baths, and anaemia by injections of 
soamin or sodium cacodylate. Along with this, iron may be administered. 
Generally speaking, the anamiia disappears during treatment with antimony. 

According to observations made in India, the effects that may follow a 
change of climate without any specific treatment are slight, and only a very 
few cases are bericlited by this. In Italy Gabbi also tried the effect of cures 
in the mountains. In a few cases of infantile kala-azar the blood improved 
and the fever subsided. The improvement, however, was only temporary. 

10 
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SYMPTOMATIC TI^EATMENT AND TREATMENT OF COMPLICATIONS 

D\senicry. — Dysenteric symptoms closely «illie(l to those of true dysentery 
may appear during the course of kala-azar. Such cases of Lcislntiniiiii 
dysentery should he treated with antimony. In many cases, however, 
dysentery appears as a terminal infection, being generally of the bacillary 
variety, altlioiigh sometimes amoebic dysentery may complicate the disease. 
In most cases dysentery contra-indicates treatment with antimony, and it is 
difficult to make out whether the dysentery is due to LrisJunmiiii or not. 
Bacillary cases frequently terminate fatally. Septic dysentery is almost 
always fatal. Cases whicli are (^f the amoebic variety should be treated with 
emetine. Such cases are rare, and emetine frequently fails. In some eases 
rectal injection of argyrol (lo per cent.) after irrigation of the rectum with 
normal saline or boric acid lotion may be helpful. Dover’s powder with pulv. 
cret:e aromaticus and tannigen may also be tried. Salol or benzonaphthol 
or dimol may also be tried. The diet should be most carefully regulated in 
cases complicated by dysentery. 

Scpiic Infections . — Cancrum oris is a frequent terminal complication of 
the disease. In some cases antimonial treatment leads very ciuickly to a cure 
of the cancrum oris. In other cases the treatment does not seem to influence 
tile course of the disease and the patient dies, in spite of the antimonial 
treatment. For local treatment of cancrum oris, the part should be swabbed 
with a mixture of trichloracetic acid and glycerine (i in 8). Cotton-wool 
soaked with the aliove may be kept in contact with the affected part and 
changed every twelve hours. In tliis way the slough may separate. In some 
cases the parts have been soaked with colloidal silver with good results. 
Gargles, consisting of eusol or other antiseptics, such as electrolylic chlorine, 
flavin, acriflavin or dichloramin may be used. Irrigation with lysol and 
keeping the part constantly soaked with the same give satisfactory results. 
An autogenous vaccine may be used, but generally vac cines have not been 
found useful in the treatment of cancrum oris in k.ila-azar. 

The occurrence of a definite leucocytosis is a hopeful sign. Xeaily ;ill 
those patients in whicli it does not occur do not recover. 

Other septic conditions, such as mastoid abscesses, otitis media, deep- 
seated abscesses, &c., should be treated according to general principles, h'or 
the treatment of Bright’s disease, pneumonia or phthisis complicating kala- 
azar, books on systematic medicine should be consulted. 

Haemorrhages should be treated with calcium lactate or the other 
hiemostatics. 

Ankylostomiasis should be treated with thymol, ^-naphthol, oil of cheno- 
podium or carbon tetrachloride. 

Persistent aiLxmiia should be treated with iron and arsenic compounds, such 
as soamin or sodium cacodylate. Intramuscular injection of blood or a 
blood transfusion is sometimes found beneficial. In many cases in which 
there is anxmia and (edema with a dilated heart, the following mixture is 
recommended : — 
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B Tr. ferri pi-rclilor. 

J.iq. amnion, acetatis 
Tr. digitalis 
Acid, phosphoric, dil. 

Glycerine ... 

WatcM' 

For a dose, to be given thrice a day 

Cirrhosis of the liver, if it is clue to Lcisluiiaiiia , may be treated with 
antimony injections. Ascites due to pressure of cells loaded with LcisJujiauin 
may be cured by antimonial injections. 


10 min. (0*5 grm.) 

1 drill. (.3*9 grill.) 

5 min. (0*25 grm.) 
10 min. (0*5 grm.) 
20 min. (1*0 grm.) 

1 oz. (3 1*0 grm.) 
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CHAPTKR XV. 

RELAPSES AND RESISTANCE TO ANTIMONY TREATMENT. 

Tiik possibility of tlio existence of antimony-fast LcisJuiiauiii or tlieir 
development dining treatment witli antimony has not yet been fully woi ked 
out. In the author's experience with the treatment of kala azar with 
antimonial preparations, he lias met with the followiiyi; types of cases : 
(i) Cases which quickly yit^lded to antimonial treatment ; (2) cases that 
resisted treatment for a considerable period and slowly yielded to treatment ; 
(3) cases that seemed to be extremely or absolutely resistant ; (4) cases that ^ot 
relapses after insullicient or improper tr(‘atment with antimony and were 
either very resistant to subsequent treatment or quickly yiel(K‘d to it. 

From the above, it will be seen that cases vary in their amenability to 
antimonial treatment and that the possibility of the existence of absolutely 
antimony-resistant lu'islmuiiiid which may be piesent from the very be^inniiye; 
or develop during antimonial treatment has to be considered. 

Relapses may be divided under the f()llowin<^ heads : (i) ]\*elapses due to 
too early abandonment of treatment; (2) relapses in cases which seemed to 
have been apparently cured, as shown by marked impi ovement in the i^eneral 
condition and in the blood-picture and fieedom from fever tor some months. 
These latter are very rare. 

Lcishtnaiiid can, therefore, be divided into the following types: (i) Those 
that are quickly and completely destroyed by antimony; {2) those that are 
more slowly destroyed by antimony ; (3) those that are resistant to antimony 
from the very beginning; (4) those that become resistant alter insufficient 
antimonial treatment. 

The third type is very rare with the recent tn'atment with urea stibamine. 
As regards the effects of treatment on relapses, the author has met with the 
following types of cases : (I) Those that are subsequently and sometimes 
quickly benefited by further antimonial treatment; (II) those in which 
further antimonial tre.itment seems to be very slow in its effects. 

As regards (I), the author found originally, before the discovery of urea 
stibamine, that metallic antimony was the best and the most powerful in the 
treatment of this type of relapses. More recently he has used urea stibamine 
with remarkable success, 'rhis view has been confirmed by others. Some- 
times the substitution of a different antimony compound in place of the one 
previously used, seems to lead to a cure and may give an impression that one 
is superior to the other. Thus the substitution of antimonyl sodium tartrate 
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in place of tartar emetic and vice irrsa leads to recovery in some of these 
cases of relapse. 

As regards (II), it appears to the author that in these cases antimony 
treatment must be siipplemenled by a combined therapy. What such a 
combined treatment should be, is difficult to say. 

The treatment of relapses is sometimes a prolonged one, but not always so. 

The mechanism of response of LeisJutiotiia to an antimonial preparation is 
a very complicated one. Wliile it is universally admitted that urea stibamine 
brings about sterilization of an infected individual in a much shorter time 
than tarlar emetic or sodium antimonyl tartrate, it is at the same time observed 
that even with urea stibamine the time required for sterilization is v^ariable. 
In some cases, this was brought about in seven or less than seven days rind in 
a few cases in thii tydwo hours, 'fhougli, in some cases, striking results were 
obtained by the intensive method introduced by Hrahmachari and M.uty, yet 
there is no doubt that, apart from this, some cases are more quickly amenable 
to ti ealment than others. What is the mechanism of tliis variability ? This con- 
stitutes an important line of research. Is it possible that there are in existence 
different strains of LcisJiniania varying in the action ot antimony upon them ? 

Lev.iditi has propounded a general law with reference to all the members 
of the nitrogen family of elements occupying Cboup V of Mendelieff s 
periodic table — arsenic, antimony, vanadium, bismuth, ^c. They or their 
compounds exhibit their parasiticidal properties only after they have been 
acted upon by the tissues. If fresh extract of liver is added to them, they 
become actively trei)onemicidal. 

It has been suggested that in the case of bismuth, the action of the cellular 
extract gives rise to a new compound, ‘‘ bismoxyl," and it is this which 
possesses the destructive power against the Treponenia pnllidnni. The 
substance in the extract which has tlie property of changing bismuth into 
bismoxyl has been termed bismogene." 

Bismoxvl is a bismuth toxalbumin in all respects similar to those arising 
from arsenic, vanadium, or antimony. 

'I'he present author has suggested that an antimony compound, in order 
that it may be of therapeutic value, must be converted in the tissues into a 
compound containing the radical — Sb ^ O in the reactive stage. Chemically, 
some of the bismuth compounds contain the radical ~ Bi — O just as some 
of the antimony compounds contain the radical — Sb — O; and it is very 
likely that the bismuth toxalbumin also contains the radical — Bi = O in the 
reactiv’e stage. A corresponding antimony compound which may be called 
‘Stiboxyr’ is probably formed in the case of antimony. It has been 
suggested that metallic bismuth, finely subdivided, is more suitable for the 
production of liismoxyl when administered intramuscularly than in the form 
of a chemical compound, and the same could have been expected of metallic 
antimony but for the fact that when injected intramuscularly it gives rise 
to very severe local irritation, and is therefore unsuitable lor intramuscular 
injection for therapeutic purposes. It has been recently observed by Meleney 
that in kala-azaiy clasmatocyte tissue is developed as a tissue reaction, and 
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probably, as the present writer has suggested, out of tlie rcticulo-endothelial 
system. He would further hold that this reticulo-endothelial system gives rise 
to the production of bismoxyl or stiboxyl, as the case may be. If this were 
so, then it may be concluded that individual cases will get beneficial results 
from the use of antimony compounds proportional to the reaction of the 
reticulo endothelium system. Two things are necessary, namely, the develop- 
ment of the clasmatocytes and the introduction of an antimony compound 
with which they can combine for the development of stiboxyl. Herein lies 
the value of the different antimonials and the superiority of urea stibamine 
over the other antimony compounds. This also explains why, with the same 
antimony compound, one individual is cured much more quickly than another 
after its administration. It is the development of the clasmatocyte cells that 
one should aim at in the treatment of the resistant cases. 

Voegtlin and his co-workers have pointed out that arsenious oxide and its 
derivatives combine with substances containing a sulphydrilc gi'ouping, and 
that the toxic action of the organic arsenoxides is depressed by the simul- 
taneous injection of excess of sulphydrilc compounds. Hopkins has shown 
that one such sulphydrilc ccaiipound, reduced glutathione, plays an important 
part in the hydrolytic oxidation-reduction processes of the living cell. 
Voegtlin suggests that a combination of the arsenoxides with such groups 
and consequent suppression of this vital function may explain the toxic and 
curative actions of the arsenical derivatives, and that a formation by 
trypanosomes of the sulphydrilc compound in excess of its vital need may 
be the basis of acquired resistance of trypanosomes. The same probably 
takes place in the cases of Lcishmniii(t, Investigations in these directions 
mav lead to discovery of methods of preventing the develcq’^ment of 
antimony- res i s ta n t Lcisliniaiii a . 

In resistant cases arsenic may anchor some of the LcisJuuanid which may 
not be fixed by antimony alone. A combined therapy of arsenic and anti- 
mony may, perhaps, be of value in such cases, just as it is in trypanosomiasis. 
The combination of substances with different points of attack in the sense of 
Ehrlich’s laws of distribution of medicaments and poisons may enable us to 
produce combinations of sterilizing substances which may be of value in 
resistant cases. Whether the combination of three remedies, as has been 
suggested by Ehrlich and Tsuzuki in trypanosomiasis, or more or less than 
this number, would constitute the most potent treatment of resislant cases of 
kala-azar with the least toxicity, will be settled by fiuiher inv^estigation. 

A combination of antimony, arsenic and bismuth is a possibility for the 
treatment of such cases. This combination has been lecommended by 
Cushny in the treatment of trypanosomiasis. 

Fortunately, under treatment with urea stibamine, relapses and resistant 
cases are very rare. In cases of relapse after treatment with the antimonyl 
tartrates, patients should be treated with urea stibamine, and in most cases the 
results will be satisfactory. 
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CHAPTER XVI. 

DERMAL LEISHMANOID. 

Syiiotiviiis . — Dermal Leishmaniasis (Brahmachari), Megaw, 1922 ; Post- 
Anlimonial Dermal Leishmaniasis (Brahmachari), Megaw, 1922; Brahma- 
chari’s Dermal Leishmaniasis, Megaw, 1922 ; Post-kala-azar Dermal 
I.eishmaniasis, Acton and Napier, 1927. 

In February, 1922, the author read a paper to the Asiatic Society of 
liengal on a New Form of Cutaneous Leishmaniasis which developed in a 
case of kala-azar cured by antimonial treatment, and which was subsequently 
desciibed by him in the Iiidiaii Medical Gazette in April, 1922, under the 
name of Dermal Leishmanoid. Of all the names suggested this name seems 
to be the most convenient, on account of its simplicity, and especially in 
view of the fact that the disease is frequently recognized by the medical 
professiem under this name. A number of such cases have been observed by 
the author and others since the disease was first described, and it seems to be 
more common than originally supposed. 

The eru])tions generally appear about a year after completion of the 
antimonial treatment of the original disease, as whitish patches on the face, 
the trunk, and the extremities, associated with papules and nodules, especially 
marked on the face and sometimes on the scrotum. In the first case, published 
in the Indian Medical Gazette, the blood and scrapings from the lesions were 
examined for the author by Dr. S. N. Ghose, Bacteriologist, Presidency 
General Hospital, Calcutta, and the eruptions presented the following 
characters (see Plate IX) : — 

(1) On the face there were papillomatous nodules, in some respects 
resembling small leprotic nodules. Smears from these showed the presence 
of Leishman-Donovan bodies. 

(2) There was a slight erythematous rash on the cheeks and forehead, 
and similar patches on the extremities, especially the lower. 

(3) On the trunk, the upper and lower extremities, there were slightly 
raised brown patches which were extensively spread over the whole body. 
Leishman-Donovan bodies were found in the smears from the patches. A 
few papules were lound among these patches. 

(4) There was no ulceration or scab formation in any part of the body, 
no aiuesthesia, no loss of knee-jerks, and no thickening of the nerves. No 
eruptions occurred in the mucous membrane of the mouth and nostrils. 
The liver and spleen were normal. On examination of the splenic blood by 
spleen puncture, no Leishman-Donovan bodies were found. There was 
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Dermal LeisliinanoicI with positive tlajiellatc culture from the peripheral blood 
III an imperfect ly cured case of kala-azar. (Original.) 
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no rise of temperature. The patient complained of no other trouble, except 
the u^ly appearance of the body due to the eruptions. 

Result of blood examination showed : Hicmo^lobin, 75 per cent. ; R.H.C., 
4,500,(^00; W.B.C., JO, 000; polymorphonuclears, 62 per cent. ; lymphocytes, 
24 per cent. ; large mononuclears, 6 per cent. ; eosinophils, S per cent. The 
blood-picture did not correspotul to that of kala-azar. No Leishman-Donovan 
bodies could be detected in the peripheral blood. 

A series of experiments were performed in (M*der to determine whether 
ilagellates developed from the Leishman-Donovan bodies, which had 
apparently been modified in their virulence by a course of antimonial 
treatment, and also to determine whether, it monkeys could become infected 
by transmission, a local or general disease would be produced. 

The following are the notes on the cultural and inoculation experiments 
kindly made for me by Major Knowles, in one of the cases : — 

(1) One of the nodules of the right arm was pricked, and the blood which 
oozed out was inoculated into X N N medium and incubated at 22‘^C. Flagel- 
lated bodies were found after twelve days ; these were indistinguishable 
from those of Lcislinidiiia donovani (Folate X, fig. 2). 

(2) The culture and smears from the peripheral blood of the patient and 
examination of the splenic blood all gave negative results. 

(V) A monkey (Mucdcus rhesus) was inoculated in both eyebrows by 
embedding bits of granulomatous nodules into pockets cut in them. After 
one and a half months marked granulomatous growths were observed over 
the sites of inoculation in l)oth eyebrows. Small secondary nodules were 
also observed at the outer and inner canthuses of the eyes. One of the nodules 
at the original site of inoculation was incised and smears were made from it. 
A fair number of Leishman-Donovan bodies wei*e present, most of which were 
intracorpuscular and a few only being extracorpuscular (Fdate X, fig. 3). 

(4) No ulceration was observed over the nodules after two and a half 
months, the raw surface left after incising one of the nodules having 
healed up. 

(5) lilood examination and cultures made from the peripheral blood of 
the monkey gave negative results a month and a half after inoculation. The 
smears from the liver of the monkey and cultures from the same organ on 
N N N medium gave negative results, a month and a halt after inoculation. 

UISTO-PATHOLOGY (MODIFIED FROM SHORTT). 

The following is the description of the histo-pathology of the nodules cut 
in a direction perpendicular to the surface of the skin. 

The lesions appe u* to be specific infective granuloma. 

AI*1’KARANCKS UNDER A LOW POWEl^ (fig. 38, and Plate X, fig. 4). 

The first glance shows that there is a profound alteration in the structure 
of the superficial tissues. This alteration implicates both the epidermis and 
the ill f is vera, and these will be considered separately. 

Epidermis . — The structural modification here consists in a uniform 
attenuation of the epidermis affecting all the recognized layers, but most 
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evident in tlie vclc juitcosmu on account of the relative diminution in number 
and length of the linger-like processes usually associated with this Inver in 
normal skin. While the thickness of the epidermis is thus greatly reduced, 
there is, at the same time, no tendency for this process to proceed to the 
extreme degree of ulceration. 

Cutis vcra , — It is in this region that the most striking changes are manifest. 
The normal condition of dense connective tissue, merging gradually into the 
more open subcutaneous tissue, is entirely replaced by what appears to be a 



r i(.. -Section of skin in dermal leishinanoid. After Shortt, in Shortt and Brahinacliari's 

paper. (Low magnitication.) 

(From tile ludiau Journal oj Mtdiial Kcscarclr January, 1925.1 

dense infiltration of cells, forming a deep layer sharply differentiated from 
the underlying open structure of the subcutaneous tissue. This celltilar layer 
averages in depth about nine times the depth of the epidermis. 

APPEARANCKS UNDER A HIGH POWER (figs. 35, 36, 37 and 39, and 

Plate X, fig. 5). 

Epidermis , — Beyond a diminution in the thickness of the layers the minute 
structure is unaltered. 

Cuiis veru . — This appears to be composed of a very primitive connective 
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Dermal leisbmanoid in a cured case of kala-azar. 




Fui. 3. Lcishwtiuia douovani in 

Fu;. 5. I'hc sinnc section ;is in 4, showinji u network of nevvly-fornied a smear from a noclnle of the cye- 
capillaries and thickening of the capillary wall. (Eye-piece 4. Objective lid of a monkey. (Kye-picce 4. 
/eiss D.) Objective Vj oil immersion.) 
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Once the primitive cell luis become definitely differentialed into a stroma cell 
or into capillary endothelium, it seems to lose its power of active phagocytosis. 
The parasitized cells are mainly situated close under the epidermal layer and 
become fewer in number in the deeper parts of the tissue. Many of these 
cells, besides containing parasites, enclose abundant pigment granules. The 
behaviour of the pigment cells of the epidermis in the atfected portions of 
the skin is very interesting. They appear to be infected with LcisJiniaiiid 
from the very earliest stages of the skin lesions. Some of them bc*come 
very much swollen (see fig. 36), due to the presence of LcisJuiuinidy others 
proKddy take on the character of spindle cells and appear to be converted 
into fibroblasts. The parasitized pigment cells tend to migrate from the lowest 
layer of the epidermis into the granulation tissue. 

The areas of de-pigmentation noticed over the nodules contain much fewer 
pigment cells than in the adjacent structure of the healthy skin, and this de- 
pigmcntation is partly to be explained by the migration of the parasitized 
pigment cells. The connective tissue underlying the (dtis verd is cjuile 
normal in appearance. 

Here and there the endothelium of the large capillaries is hypertrophied 
and the wall thickened. In some cases this occurs to such an extent that the 
capillaries are almost obliterated. On the wall of the thickened capillaries and 
in their endothelial lining Leishman-Donovan bodies arc seen. 'I'lie skin 
over the papillomatous nodules is slightly pigmented and the stratum 
cornium is very thin. 

On the whole the pathological changes in the skin are very similar to 
those present in a non-ulcerated oriental sore (see Plate X, figs. 4 and 5), 
and no break of continuity of the epidermis is observed over the nodules as 
shown by ulceration. 

The Leishman-Donovan bodies are best seen in smears from the scrapings 
from the granulomatous nodules. In these smears they apparently appear 
as free parasites. On careful examination they are found inside large 
mononuclear leucocytes, and rarely inside the polymorphonuclears. Moie 
commonly, they are found inside other large cells, which possibly originate 
from the endothelium (Plate X, fig. i). Parasites are also found in the 
brown patches. 

After attention was drawn to the disease by the author, cases have been 
studied by Acton. An early de-pigmented stage, a later nodular stage and a 
xanthoma type of the disease in which there is a tendency towards fibrous 
tissue formation and constriction of the venules and subsequent dilatation 
have been described (Acton and Napier). It is stated by them that the 
nodules appear in the place of de-pigmented patches. 

In the author's experience the disease first shows itself as erythematous 
patches over the skin before any de-pigmentation or nodule appears in the 
skin. Besides nodules may appear in places where there have been no 
de-pigmented patches, and there may be extensive areas oi de-pigmentation 
lasting for several months without any tendency towards formation of nodules 
in their place. Further, the tendency towards fibrous tissue formation is 
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just as in the case of the spleen in kala-azar. When the cases recover 
the skin assumes its normal appearance without any sign pointing to the 
presence of increased fibrous tissue formation. 

Besides the above, the following types of infection of skin with Lchhmania 
dotunuuii have been observed. 

(1) Dermal lesion in imperfectly cured cases of kala-azar, in which 
positive flagellate culture was obtained from the peripheral blood at the time 
of observation (see Plate VI II). 

In the case sliown in the Plate (VIII), with positive flagellate culture from 
the peripheral blood, the patient was at first treated with sodium antimonyl 
tartrate, and when the nodular eruptions appeared on the body, he was 
treated with stibosan without any beneficial results. When he came under 
the observation of the authoi' and Dr. A. M. Dutt, of the Calcutta Medical 
College, he was still siilfei ing from kala-azar with the skin eruptions. He was 
completely cured of kala-azar after treatment with urea stibainine, the skin 
lesions slowlv but subsecjuently completely yielding to a prolonged treatment 
with the compound (I iididii fomiidl ofMciliciiie and Cakutia MfiiiLdl Jotiniak 
h'ebruarv, 1027). This is the same case as Case 6 described in Acton and 
Napier’s paper on post-kala-azar dermal leishmaniasis (1927). 

(2) Cases of dermal lesion showing Leislniiniiid doiiovinii in the skin in 
which there was no previous history of kala-azar and observed in endemic 
areas of the disease (Annual Report ot the Calcutta School of Tropical 
Medicine, 1925, and I udidu Jounuil of Mcdicim^ September 1926). 

It is impossible to say with certainty whether the skin lesions in this type 
are due to infection by Lcishnuiiiia donovaui or Lcisinunnin tropica, though 
the fact that the patients came from places where LcisJiniania tropica is 
unknown, and Lcisliniania doiiorani infections are very common, goes 
strongly in favour of their being due to infection by the latter. 

(3) Cntieated cases of kala-azar, in which sometimes Leishman-Donovan 
bodies may be found in minute papules in the skin, as was observed by 
Chi istophers. 

The skin eruptions under (2) and (3) quickly disappear under antimony 
treatment. 

We like to extend the term dermal leishmanoid to signify skin lesions due 
to L. itonovani in cases which manifest no signs of internal leishmaniasis 
either as a result of previous treatment with antimony or without it. In those 
cases in which the skin lesions appear about a year after the patient has been 
cured of kala-azar, tlie leishmania in the skin are very resistant to subsequent 
antimony tieatment. 

Cases of dermal leishmanoid are not so uncommon as was originally 
supposed by the autlior. Skin lesions due to L. donovaui in imperfectly 
cured cases of kala-azar may j'lerhaps be also termed dermal leishmanoid. 
(See Addendum for further observations on peripheral lesions due to 
L. donovaui,) 
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CHAPTER XVII. 

PROPHYLAXIS. 

(A) India. 

Rogkks whs of opinion that the disc'asc was caused by a house-infection, 
and he reconiinended tliat all patients from houses where the infection had 
first occuned should be removed to a place at some distance from the 
infected area. 

The (iaros, in the early stages of the Assam epidemic, learnt that the best 
way to escape bein^ more than decimated by tin* scour<4e was to move from 
the infected villages to a new site. Dodds Price, suspectiiye; the disease to be 
infectious, placed in a tea garden a number of freshly imported coolies in 
newly-built lines of houses, while the remainder had to be accommodated 
in infected lines for want of room. It was ascertained by him that 
although none of those in the new lines had suffered frt)m kala-a/ar during 
two years they had been in this badly-infected tea garden, yet no less than 8 per 
cent, or i6 percent, of those placed in the old lines were already dead of the 
disease, and that, too, in spite of tlie fact that the new lines were but 300 yards 
from the old ones. 

Dodds Price next took the further step of moving all the healthy people 
out of infected houses to new ones on a fresh site. A large number of 
fresh coolies were also drafted into these new lines. Eighteen months later 
no case of kala azar had occurred among them, and the lines remained free 
from kala-azar in subsequent years. 'I'his experiment was repeated with 
good results. In slightly infected lines only the affected households were 
segregated and their houses burnt, this measure being also of value, although 
k '^s effective than the former ones. 

Attempts were made by Dodds Price to desti'oy all form^ of insect life in 
the infected houses and those around them in a cooly line in which kala- 
azar cases continued to ai ise each cold weather. The houses were fumigated 
with burning sulphur, the beds thoroughly washed with strong boiling 
carbolic hdion, the clothes either boiled in the same solution or destroyed, 
while the blankets were all burnt as most likely to harbour bugs. 

All the above measures have not met with any permanent success. Rogers 
suggested that disinfecting operations, somewhat similar to those just men- 
tioned, should be carried out in endemic areas in houses where kala-azar 
patients lived. In this way, he thought, much might be done to reduce 
the spread of the sporadic form of the disease among Anglo-Indians in 
Calcutta. It does not, however, appear that the disease is getting less 
coftimon among these people in Calcutta by the adoption of these segregation 
measures. 
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The preventive^ measures that have been adopted in Assam have, until very 
recently, met with a partial amount of success. The following notes on the 
preventive measures adopted in Assam are extracted from McCombie Young’s 
Kala-azar in Assam (1924). Before the discovery of antimonial treatment, 
compulsory evacuation of the infected site was the only av^ailable preventive 
measure. Dodds Th ice adopted measures of removal and segregation of infected 
individuals in certain tea gardens with apparently successful results. Similar 
operations were commenced by the (iovernment of Assam, in (lolaghat, in 
J912. 'fhe infected family and patients were removed to a distance of not less 
than 300 yards from the infected house, and the infected house was burnt 
down and with it all the less valuable property of the inmates, compensation 
being paid for their tlestruction, and any valuable property disinfected. It 
was, however, found that removal of the infected family alone was not sutheient 
to eradicate the infection from a village, for in the year after their removal 
fresh cases of kala-azar were found among the neighbouring houses. Measures 
were then taken to move, as ^‘contacts," the families who lived in the 
immediately adjoining houses. This was moie successful, but the process 
had often to be repeated, year after year, as the disease recurred in houses 
beyond the e.xcised area. In several instances, and particularly in an old- 
standing infection, it was found that it would have been better to move 
the whole village in the first instance rather than to move sections of the 
village in successive years, for the mortality would have been less and the 
cost the same. At lirst these operations seemed to give a promising measure 
of success, and the opinion was expressed in 1916 that “if no new factors arise 
to vitiate our calculatic^ns, we may look for the extinction of the disease in 
this aiea within a year or two." 'J'his hoi^e was not realized, for a new factor, 
the intlnenza epidemic of the cold weather of 1918-19, changed the whole 
situation, and there was a recrudescence of the disease in areas in which it had 
been dormant and it threatened to spread to previously uninfected areas. The 
(iovtM nment of Assam enacted certain measures of control under the provisions 
of the Kpidemic Diseases Act. 'i'he regulations provided for the nolitication, 
on the recommendation of the Sanitary Commissioner, of any village area 
found to be infected with kala-azar, for the prohibition of migration from that 
area, and for the compulsory removal of any of its inhabitants from an infected 
site, and for the destruction of the infected house and property. The infected 
families, that is to say those in which a case of kala-azar was discovered, were 
grouped in an “infected camp," “contacts," i.e., their neighbours and any 
other families which for any reason were under suspicion, were located in 
another group of houses, forming the “contact camp." 'Fhe remainder were 
located in a “ healthy camp," which was me.int to form the nucleus of a new 
village. There was no migration from notitied areas, and the intercommuni- 
cation with uninfected villages was greatly limited and chiefly confined to 
visits between relatives. It appears that removal of a community from an 
infected site and treatment of those among them who are infected with kala- 
azar would terminate the outbreak in that particular community, but the 
method is prohibitively expensive upon a large scale. In spite of the effective 
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prevxMition of migration from infected areas and limitation of communication 
between infected and healthy villages, it was found (hat a giadiial diffusion ol 
the disease took place, and year after year a fresli crop of new infections was 
discovered in previously uninfected villages to whicli the same expensive 
measures of removal and control had to be applied. When the general 
recrudescence which followed the influenza epidemic had to be faced, ex- 
perience showed that segregation on the scale which would be necessary to 
deal with a widespread prevalence would be prohibitively expensive and 
administratively impossible. It was accordingly found necessary to retire to 
the second line of defence which the introduction f)f intravenous tartar- 
emetic treatment had provided. 

'iVeatment as a method of prevention was originally put forward as an 
alternative to the methods of prevention by segiegation by Knowles, in J920. 
The results were ftuind to be encouraging. Early treatment of the first one 
or two cases seemed to control an outbreak. In some cases it appears to 
extinguish it entirely, perhaps by preventing the establishment of the con- 
ditions of site infection, if the first case acquired his infection elsewhere. In 
practically all cases it seemed to prevent the outbreak assuming extensive 
proportions. The indications seemed to be that where only one case c.ime 
under observation and treatment at an early dale, there was a reasonable 
chance that no more cases would be seen. When seveial cases are sec'ii for 
the first time, and if they have remained for some time unrecognized and 
untreated, and the opportunities for the establishment of site infection 
have been ample, then no amount of treatment of cases seems be* able to 
extinguish an outbreak, and under (hose circumstances a perennial crop of 
cases may be expected. It seems that early compulsory treatment has a 
distinct preventive action where it is efficiently apjilied in the eai ly stages of 
a village infection, but removal to a fresh site is still necessary to termin ite an 
infection when it has become deeply rooted by delay in action. 

The treatment campaign against kala-azar in Assam has been of immense 
value as a prophylactic measure. The juesent-day campaign against the 
disease in Assam is well described in Health Hulletin No. 9 (( lovernmeiit of 
India Central Publication Hranch, 1927), containing the Ticnhiu’iit Campiiion 
ni^iiiiisl Kala azaVy .‘Js.sv////, as drawn by Major Miirison, Director of Public 
Ih.dth, Ass<im, and the following extracts are made tlRrefrom : — 

“The treatment of tlie disease in Assam with tartar emetic began in 
when only a comparatively small number of cases were treated, in the 
special kala-azar dispensaries and out-centres, sodium antimony tartrate, manu- 
factured by Messrs. Burroughs Wellcome ^ Company, London, and put up in 
Psoloid ’ form, is used exclusively. It is passed through a severe test for 
purity belore being supplied to the Assam Government. Tieatinent with 
sodium antimony tartrate, in i per cent. solution, given in divided and increasing 
doses over a period of three months, is the method employed. 

“Although treatment with this drug has been very successful, it has the 
disadvantage of being long and tedious. Treatment is therefore difficult to 
enforce, as patients who have been completely incapacitated by the disease 
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improve so considerably after a few injections that they discontinue treatment 
alto^^ether or attend very irregularly. This irregularity makes it very difficult 
to effect complete cures. In spite of the regulations in force under the 
Epidemic Diseases Act to compel patients to undergo a complete course of 
treatment, our campaign against the disease is being greatly handicapped by 
the large number of patients who are stopping treatment. 

“To overcome this difficulty communiques are being regularly issued 
inviting the co-operati(jn of the people. Mucli propaganda work is being 
done by means of lantern demonstrations and illustrated posters and pamph- 
lets on the disease, emphasizing the grave dangers of stopping treatment 
before a complete cure has been effected. This has had some effect in re- 
ducing our ‘stopped treatment’ cases. It was felt that the above difliculties 
would be still further overcome if some drug could be introduced which was 
not only as efficacious as sodium antimony tartrate but took a much shorter 
time to eftect .1 cure.” 

In 1922 the attention of the Government ol Assam was drawn to the most 
brilliant results obtained by Major Short! in the treatment of kala-azar, while 
working under the auspices of the Indian Research Fund Association at the 
Pasteur Institute, Shillong, by the use of urea stibamine which was sent to him 
by the present writer at the request of Colonel Greig, Director of Medical 
research. 

After trial, as an experimental measure, the Government of Assam gave 
sanction in the middle of J925 to the treatment of all indoor kala-azar patients, 
and a certain percentage of outdoor patients attending the indoor hospitals, 
with urea stibamine (Brahniachari) and “47J.” ‘‘The results achieved,” the 
Bulletin states, “have proved most satisfactory and encouraging.” 

1 nsliiu lions for Trent uu'ut of Kntn-Aznr Cases U' it h Crea stihnniine (issued in 

the Bulletin), 

“(j) Cren stihnniine, an organic compound of antimony, is a pinkish- 
coloured powder and is usually supplied by the Government of Assam in 
j grm. ampoules, though smaller amounts in capsules arc now being issued. 
The ampoules should be examined for cracks or breaks, and any doubtful 
ampoules should be rejected. 

“(2) Kqnipnienl Xeecssary. — (j) Urea stibamine (in sealed ampoules); 
(2; distilled water; (3) 50-c.c. measures with rubber cap; (4) spirit lamp; 
(3) test-tube holder ; (6) Collins' syringe, 10 c.c. one ; (7) rubber tubing for 
touiniquet ; (8) tincture of iodine ; (9) sterilizer; (10) cotton-wool. 

“ (3) Distilled \enter and, if possible, freshly distilled water only must be 
used in making up the solution of the drug, or serious accidents may occur. 
Stills or distilled water will be supplied, also test-tubes marked at 50 c.c. 

“ (4) To Make the Solution, — Take one of the marked test-tubes, cleanse it 
thoroughly in clean boiled water with a brush. If any acid, alkali, cliemical 
or dirt has been allowed to get into tlie tube, every trace must be carefully 
removed and the test-tube finally waslied with distilled water. Place about 
60 c.c. distilled water in the test-tube. Put on a rubber cap over the mouth 
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of the test-tube. Now perforate the cap with a hypodermic needle and leave 
the needle sticking through the rubber cap partly in and partly out, but see 
that the point of the needle does not reach the level of the water inside. Dry 
the outside of the test-tube to prevent cracking, and gently heat over the flame 
of the spirit lamp till the water boils quietly for four minutes. The steam will 
escape through the needle. Stand test-tube to cool. Urea stibamine /////.s7 nol 
be dissolved in hot water. When cool, carefully remove needle and cap with 
forceps heated in spirit lamp, taking care not to contaminate the boiled water 
or the edge of the test-tube with the hand or unsterilized ijistrument. Pour 
off excess of water down to 50-c.c. mark. Take 1 grm. ampoule, file the neck 
and break off point. Sterilize the cut end of the ampoule only by passing 
it through the flame and allow to cool. Pour the whole contents of the 
ampoule into the test-tube containing the 50 c.c. of cool but recently boiled 
distilled water, replace the rubber cap aseptically and shake gently till the drug 
is completely dissolved. This will make a 2 per cent, solution of urea 
stibamine. The solution must always be freshly made just before use or 
accidents may occur. The solution should not be healed, and any of the 
solution not used at the time must be thrown away. If it is desired to make 
smaller quantities of solution, the amount of water for this may be drawn from 
the test-tube after it cools into a sterile 10- or 20-c.c. syringe. The rest of the 
boiled water in the test-tube should be thrown away and the measured quantity 
in the syringe returned to the marked test-tube. The correct amount of urea 
stibamine should now be added to make a 2 percent, solution. The test-tube 
should always be cleaned with distilled water after use. 

Dosage, 

“ (5) {(i) For an adult begin with 0*05 grm. and increase by 0*05 grm. until 
0*2 or 0*25 grm. at each dose is reached, thus : — 

First dose, 0 05 grni. or 2'5 c,c. of the 2 per cent, solution. 

Second dose, O’l grin, or 5 c.c. of the 2 per cent, solution. 

Third dose, 0T5 grm. or 7*5 c.c. of the 2 per cent, solution. 

Fourth and every subseiiuent dose, 0'2 grin, or 10 c.c. of tin* 2 per cent, solution. 

“(h) F\)r children between the ages of 5 and 12 years, half the adult dose, 
thus . 

h irst dose, 0*025 grm. or 1*25 c.c. of the 2 per cent, solution. 

Second dose, 0*05 grm. or 2*5 c.c. of the 2 per cent, solution. 

Third dose, 0*075 grm. or 3*75 c.c. of the 2 per cent, solution. 

Fourth and every subsequent dose, 0*1 grm. or 5 c.c. of the 2 per cent, solution. 

“ (r) For children between i and 5 years of age, one-third the adult dose, 
thus : — 

First dose, 0*01 grm. or 2 c.c. of the 2 per cent, solution. 

Second dose, 0*02 grm. or 1 c.c. of the 2 per cent, solution. 

Third dose, 0*03 grm. or 1*5 c.c. of the 2 per cent, solution. 

Fourth and every subsequent dose, 0*04 grm. or 2 c.c. of the 2 per cent, solution. 

“(6) Frequency of Jujcclioti , — Injections should be given at an interval of 
one day, e.g., on the first, third, fifth, seventh, &c., or at an interval of two 
days, whichever may be convenient, e.g., on the first, fourth, seventh, tenth. 
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thirteenth, sixteenth, &c., clay. Treatment must be given at least twice a 
week regularly to be of value, the first method being preferable. 

(7) Coiifra-iiKh'catioiis. — In (i) severe dysentery developing during treat- 
ment ; (2) marked nephritis with oedema. In both these the dose should be 
largely reduced. In (3) very advanced cases, begin with a smaller dose, or give 
at longer intervals. Such special cases are, however, rare. 

SIcrilizalion 0/ Syria and Xccdles, 

(8) Sterilization is effected at a temperature of 160^' C. in melted 
vaseline. 

'' Mi’/liod. — Krect folding stand. Place spirit lamp below the opening, and 
the aluminium dish, three-quarters full of vaseline, on the stand, fix the 
thermometer in the holder with the bulb dipping into the vaseline. Place 
the needles to be used in the vaseline. 

“When the temperature reaches C., draw up the melted vaseline into 
the syringe without the needle. Retain for a few seconds and then eject the 
vaseline back into the sterilizer. When the temperature of the vaseline 
reaches 160° C . till and empty the syringe again in the same manner. Pick 
up the needle from the vaseline with the forceps and fit it on the syringe. 
Again fill the syringe with the hot vaseline. Eject the vaseline into the 
sterilizer and turn the syringe needle due upwards. Push down the plunger 
quickly so as to clear the needle of vaseline. Allow to cool. To ensure 
that the needle is not blocked with vaseline in cooling, press down the 
plunger. If the needle is blocked, dip it into the vaseline for a second 
or two, withdraw it, and then press down the plunger to remove the hot 
melted vaseline. When the temperature of the vaseline in the sterilizer 
reaches 160“ C. turn down the spirit lamp flame so as to maintain it at this 
tcmpei ature. Record syringes cannot be so sterilized without risk of 
breaking. 

“(9) I iijci lion. — Sterilize the top of the india-rubber cap of the test-tube 
containing the solution by dipping in boiling water. Tilt the test-tube, 
plunge the needle of the sterilized syringe through the cap and draw into the 
syringe the required quantity of the solution. Avoid all air bubbles in the 
syringe. Choose a suitable vein in the patient’s arm, sterilize the skin over it 
with tincture iodine, then proceed to give the injection in an exactly similar 
manner as with sodium antimony tartrate injections. The patient must be 
made to remain sitting or lying near the place of injection for at least a 
quarter of an hour after being injected. 

“ Concluding Remarks. 

“ It is a well-known fact that before any treatment for kala-azar was 
known, at least 90 per cent, of those attacked succumbed to the disease. 
Taking the figures for the past six years, we find that 185,054 patients suffering 
from the disease have been treated, of which 166,545 would undoubtedly have 
died without proper treatment. The benefit conferred on Assam by this 
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campaign against the disease can be estimated when it is realized that the 
treatment has converted a death-rate of 90 per cent, into a recovery-rate of the 
same percentage. We have good reason to hope that we shall one day be 
successful in stamping the disease out of Assam.” 

In one of his recent reports on the treatment campaign against kala-azar in 
Assam, Major Murison points out that the most up-to-date treatment with 
urea stibamine was now available free of cost to all kala-azar patients and 
not far from patients’ homes. As regards propaganda work, he makes the 
following remarks: It is the earnest request of the Public Health Board to 
the general public to endeavour to make the treatment campaign against the 
disease more effective by inducing all patients to undergo a complete course 
of treatment as soon as the disease is detected. An untreated, or a partially 
treated, kala-azar patient continues to be infectious to others. In the interest 
of the public health, and in the hope of eradicating the disease, it is therefore 
the duty of all educated people to induce such patients to undergo a complete 
course of treatment as early as possible.” 

No speculative suggestions are made by me in this treatise for the destruction 
of, or protection against, sandflies as a prophylactic measure, since they may 
be as valueless as any that could have been formulated a few years ago for 
the destruction of bed-bugs, which were once supposed to be the carriers of 
the disease. Instead of asking the poor patient to adopt measures which may 
be expensive for him to carry out, and subsequently turn out to be ineffective, 
we would like to wait till the transmission problem is solved. 

(B) Mediterkankan Countries. 

No organized prophylactic measures have liitherto been instituted. 
Lignos advocated the destruction of all the dogs on the island of Hydra. 'I'lie 
researches of Massaglia, Marshall, Pereira da Silva, Gabbi, and many others 
have shown that the ilea can play no part in the transmission of the disease. 
Destruction of dogs in an infected area may, therefore, be of doubtful value. 
Basile, howevTir, claimed that in Bordonaro, in Sicily, where a high percentage 
of naturally infected clogs occurred, the extermination of these animals led to 
an almost complete disappearance of the human disease (iqiO). 

The apparently beneficial results following measures for the destruction 
of bugs may be due to the destruction of some other unrecognized blood- 
sucking insect which may l)e the true carrier of the disease. If this turns out 
to be the sandfly, then measures against it will have to be devised. 

The fact that a previous attack of the disease confers an immunity in 
a large percentage of cases, and that the disease spreads slowly from one place 
to another even when showing epidemic manifestations, makes it possible that 
an intensive mass treatment with a specific should lead to its eradication. 
TJiis is the basis of the present-day campaign against kala-azar in Assam. 

For a specific to be useful in prophylaxis, it should primarily be of very 
high therapeutic value. It must also be very quick in its action, so as to reduce 
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the chances of infection from one person to another, and to avoid the 
(lisadvanta^jes of lon^' and tedious treatments. Sucti a specific for kala-azar 
has been found in urea stil)amine, as extensive observations in campaigns 
against kala-azar Iiave conclusively proved. 

The following extract from the speech of His F:xcellency Sir John Kerr, 
while bidding farewell to the second Legislative Council in Assam (1926), 
shows the value of this campaign. After referring to the value of the treatment 
of kala-azar with urea stibamine. His Excellency said : “We may now say 
that victory, if not in sight, is assured. The progress in the campaign against 
kala-azar in Assam has been phenomenally rapid, and if it continues at the 
present rate there is an excellent prospect of the dread scourge being brought 
under complete control in a few years.” 
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APPENDIXES. 

I. 

LABORATORY METHODS. 

No attempt will be made to discuss iu detail the various laboratory methods 
and apparatus here referred to. Only a short account will be ^iven of them 
with special reference to what are necessary in the diagnosis of k.da-azar. 
For details the reader should consult books on clinical laboratory diagnostic 
methods and on hc'cmatology. 

ESTIMATION OF H^MOGT.OBIN OK THE BLOOD. 

The most exact method is by the estimation of the amount of iron (dry 
ha*mo]^lobin containin;^^ 0*42 per cent, of iron) in the ash of a ^ijiven specimen 
of blood, but this is a somewhat complicated process and is hardly applicable 
in general practice or clinical work. 

For bedside estimation 7 'a!l</iiis/'s scdh’ is fiequently used. It consists of a 
scale of colours and blotting paper strips to suck up blood for examination. 
The linger or the ear-lobe is sterilized by means of absolute alcohol, which is 
then allowed to dry. It is pricked by means of a lancet shaped sharp needle 
with a firm quick stab and, if possible, no pressure should be exerted. The 
first drop of blood is wiped away. The blood is then sucked up in one of the 
strips of blotting paper and allowed to dry on it, and the tint obtained is 
compared with the scale by direct liglit and the h.'emoglobin thereby 
estimated. 

For more accurate estimation Haldane’s modification of Gower’s hanno- 
globi nometer may be used, if coal gas is available. The standaial of comparison 
is a hermetically sealed tube filled with a solution of htcmoglobin saturated 
with carbon monoxide gas. This keeps unchanged for years. A few drops of 
distilled water are placed in the graduated measuring tube supplied with the 
instrument. A small cjuantity of blood is drawn up to the graduated mark in 
the pipette supplied for the purpose, and is then ejected into and mixed with 
the distilled water in the measuring tube, and a stream of coal gas is then 
passed through the blood by means of a cap for attachment to the gas-burner. 
This converts the hmmoglobin present in the blood into carbon monoxide 
luemoglobin. It is then diluted with water to match the standaid. 

As coal gas is not always available, the instrument is frequently supplied 
with an additional standard tube containing picro-carmine jelly, as in the 
original Gower’s luemoglobinometer. This is liable to slow alteration in 
keeping. It should be kept in the box and not exposed unnecessarily to 
light, to avoid alteration. 



Laboratory ATcthods 165 

In Sahli’s instrument, a standard solution of acid h<'ematin is used for the 
purpose of comparison. This is claimed by some observers to keep even 
better than the carbon monoxide hiemoglobin solution used in Haldane's 
apparatus, but others deny this. 

Among other haemoglobinometers may be mentioned the original Gower's, 
FleischPs and its modilicalion by Meischcr, Kuttner's modification of Sahli’s, 
Oliver’s, Dare’s, Newcomer’s, &c. 

ENUMERATION OF BLOOD-CORPUSCLES. 

This is effected by means of a iKcmacytometer. It consists of a counting 
slide with a chamber and two pipettes for diluting the blood for the purpose of 
counting the erythrocytes and leucocytes, which may be conveniently named 
erythrocytometer and leucocytometer respectively. Slides with various kinds 
of counting chambers have been devised, of which two are mentioned here, the 
Thoma-Zeiss or the closed chamber, and Barker, or open with two counting 
chambers side by side for counting erythrocytes and leucocytes. The first 
one is used by most workers in India, while the latter is very popular in America. 
Similarly, various modifications of the rulings of the slides have been devised. 
T 1 k‘ Ncubauer ruling with the Thoma ruling in the centre is very convenient. 

The following formula is applied in estimating the number of corpuscles 
in one c.mm. of blood with Thoma-Zeiss haunacytometer or with one having 
similar ruling : - 

No. of corpuscles = f ^ where A is the number of corpuscles 

counted, Z is the dilution used, and N is the number of squares counted. 

From the above formula a simple method for counting the corpuscles can 
be deduced, which consists of adding four ciphers to the number of cells 
present in eighty small squares in a dilution of i : 200, or in forty small squares 
in a dilution of 1 : 100. 

Generally speaking, it may be laid down that the higher the dilution and at 
the same time the greater the number of squares counted, the more accurate 
is the counting. 

The dilution of the blood frequently employed for counting the erythrocytes 
is 1 : 200, but in cases of severe anaunia it is more convenient to use a 
dilution of i : joo. 

Ordinarily, the leucocytes may be counted with either of the two pipettes 
described above. The erythrocytometer is sufficiently accurate in cases in 
which there is no leucopenia or the leucocyte count is high, as in cases 
of leukicmia or other diseases in which there is leucocytosis. In the case 
of leukiemia it is disadvantageous to use the leucocytometer. 

On the other hand, in cases of kala-azar and certain other conditions, the 
number of leucocytes present in the blood maybe so low that the latter pipette 
is absolutely necessary for counting them. Many people use only the ruled 
area in counting the leucocytes (256 squares in Thoma-Zeiss), the process 
being repeated upon a second and third slide, and the average taken. With 
Neubauer and similar rulings and a dilution of i : 20, a convenient plan is to 
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PLATE XII. 

Normal and Abnormal Hlood-Cells, &c. 

(Partly original and partly from Schleip’s Hiomatological Atlas,” 1920; 
Panton’s “Clinical Pathology,” 1913; and Hyam and Archibald’s 
“ Practice of Medicine in the Tropics,” 1921.) 


Fig. 1. Normal red blood-corpuscle. 

,, 2. Blood platelets. 

,, 3. Coarsely granular eosinophile 

leucocyte. 

,, 4. The same, ruptured. 

,, 5. Polymorphonuclear leuco- 

cyte. 

,, 6. The same, ruptured. 

,, 7. Coarsely granular basophile 
leucocyte, or mast cell. 

,, 8. Finely granular basophile 

leucocyte. 

,, 9. Small lymphocyte. 

,, 10. Large lymphocyte. 

,, 11. Large hyaline mononuclear 
leucocyte. 

„ 12. The same, ruptured. 

,, 13. Large hyaline mononuclear 
leucocyte, containing mal- 
arial hremozoin pigment. 

,, 14. The same. 

,, 15. Transitional mononuclear 
leucocyte. 

,, 16. Poikilocytosis. 

,, 17. Microcytes. 

,, 18. Macrocyte. 

,, 19. Achromia. 

,, 20. Polychromatophilia. 

,, 21. Punctate basophilia. 

,, 22. Diffuse basophilia. 


Fig. 23. ]:)emilune red blood-cor- 
puscles. 

„ 24. Ho\vell-|olly body. 

,, 25. Chromatin dust in red blood- 
corpuscle. 

,, 26. Cabot’s rings. 

,, 27. Normoblast. 

,, 28. Megaloblast. 

„ 29. Myeloblast. 

,, 30. Neutrophile myelocyte. 

„ 31. Eosinophile myelocyte. 

,, 32. Basophile myelocyte. 

,, 33. Endothelial cell. 

,, 34. 'rtirck cell. 

,, 33. Lymphol)last. 

,, 36. Rieder's cell. 

Figs. 37-38. Platelets lying on retl 
corpuscles. 

Fig. 39. X-bodies of Horrocks and 
Howell (1908). 

,, ^0, Distorted platelets. 

,, 41. Deposit of stain on a red 
corpuscle. 

,, 42. Vacuolated red corpuscle. 

,, 43. Yeasts on the slide. 

,, 44. A protozoon on the slide 
from an c.xtraneous source. 

,, 45. Pessary bodies, from de- 
stroyed red corpuscles. 


{From Knowles’ and Senior-White’s 

“ Malaria : its Investigation and Control.” 
By kind permission of Major Knoioles.) 
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count the leucocytes with a low power objective in the square millimetres at 
each of the four corners of the ruled area, and multiply by 50. 

While it is more convenient to estimate the number cf leucocytes over the 
squares in conditions in which the leucocytes are numerous, it is very 
desirable in cases of kala-azar and similar conditions with low leucocyte 
count to count the leucocytes in the field of vision instead of in the ruled 
areas, care bein^ taken to yo regularly from one circular area to another, and 
to include an entirely fresh field at each count. The areas counted must not 
be selected, but should be taken just as they come. 

The number of squares in the field of vision is calculated from its area, 
which is easily determined from the formula : Area — iry where r is half the 
diameter of the field of vision. The sliding tube of the microscope is drawn 
to a point at which the diameter of the field of vision is just sufficient to equal 
eight or ten times the length of the side of a small square on the counting slide. 

To ensure that a diameter is being measured is easily determined by 
observing that it is the greatest of all the chords of the field of vision parallel 
to it, or by noticing that a chord drawn at right angles to it from its middle 
point contains the same number of sides of the small squares as the diameter 
itself, and therefore is also a diameter. 

The number of leucocytes present in 1 c.mm. is then calculated from the 
formula already given for estimating the number of corpuscles. 

Various fluids have been used for diluting the blood for examination with 
the lucMiiacytometer. A few of these are mentioned here : — 

(uViCrrs Soliilion , — Sodii sulph., 104 gr. ; acetic acid, i dr. ; distilled water 
6 oz. 

Hayciu's .Sa/////c>/r —Sodii chloride, i grm. ; sodii sulph., 5 grm. ; corrosive 
sublimate 0.5 grm. ; distilled water, 200 c.c. 

Toissoii's Fliiiii . — Methyl violet, 0*025 grm. ; sodii chloride, i grm. ; sodii 
sulph., 8 grm. ; neut. glycerine, 30 grm. ; aqua distill., 160 grm. 

The diluting fluid for counting leucocytes by means of the leucocytometer 
should dissolve the red corpuscles so that they will not obscure the leuco- 
cytes. The simplest fluid is a i per cent, solution of acetic acid. More 
satisfactory is the following: Glacial acetic acid i c.c.; i per cent, aqueous 
solution of gentian-violet, t c.c. ; distilled water 100 c.c. (These solutions 
must be filtered frequently to remove yeasts and moulds.) 

Among other types of counting chambers and rulings of the slides may be 
mentioned the original (jower’s counting chamber. Levy counting chamber, 
Hausser’s counting chamber, and Zappert’s rulings of the slides. 

For cytological work other than blood-counting, as in cerebro-spinal 
fluids, &c., the Fuchs-Rosenthal ruling may be used. For the counting of 
blood-platelets, the so-called Helber chamber with a Neubauer ruling, as for 
blood-counting, may be used. 

RKMCK’KXeKS. 

kixiKK S. MoK'Kis, M.I). “The Choice of Kulin;; in a Hlood-Counlin^^ Chamber,” Joiinnil of 
Lnhoiiilory tiiiil Cliniml Medici iu\ December, I’UO, vol. ii, p. 208. 

IIoK'ACK CiKAY, M.I). “Cell Cnuntinj 4 Technic: A Study of Priority,” Aniciicoit Joiirnnl of the 
Mcdiciil Sciem es, October, 1921, No. 4, vol. cixii, p. 526. 
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STUDY OF STAINED BLOOD. 

For making* proper films, it is essential that the slides should be perfectly 
clean. When new slides are used, the superficial grease is removed by 
breathing on them or putting a little alcohol and rubbing up with a clean 
handkerchief, or by flaming them. Ust*d slides and cover-glasses are placed 
first in a mixture of concentrated sulphuric acid 6 parts, potassium bichromate 
6 parts, and water loo parts, for some time. They are then thoroughly washed 
and kept in absolute alcohol after drying. When required for use they are to be 
taken from the alcohol, and when all the alcohol has drained off they should 
be rubbed with a clean handkerchief or passed through a flame. 

After the preliminary preparation for taking blood which has been described 
before, a droplet of blood is taken on a clean slide a little ziway from one 
of its ends, taking care that this slide does not touch the skin. The edge 
of a second slide is placed against the surface of the first at an angle ol about 
45^^ touching the drop of bood, and the blood allowed to spread itself at the 
junction of the two slides. The second slide is now pushed at this angle to 
the opposite end of the first, when an evenly spread film is formed. The 
blood should follow the spreading slide, and not be pushed in front of it. The 
thickness of the film depends on the angle between the two slides, the size of 
the drop of blood and the pressure between the slides. The film is now 
dried in the air or by holding it high above a flame. It is then stained by 
one of the modifications of Komanowsky stains, such as Leishman s or 
Wright’s modifications of it, or (jiemsa's, and then examined under the micro- 
scope with oil-immersion. The author generally uses Wright’s st«iin, and he 
finds that it gives most satisfactory results. 

In stained specimens of the peripheral blood, apart from examining 
for the presence of Leishman-Donovan bodies, the following diagnostic 
information indicative of disease may be obtained from this examination : — 

(1) KryiJirocyfi’s. — Pathologically, they vary in hccmoglobin content, size 
and shape, staining properties and structure. The depth of staining furnishes 
a rough guide to the hmmoglobin content of the corpuscles. Variations in 
size (anisocytosis) are shown by the presence of microcytes, macrocytes and 
megalocytes. Variations in shape are shown by the presence of poikilocytes, 
such as oval, pyriform and club-shaped cells, &c. (poikilocytosis). Variation 
in staining properties is shown by polychromatophilia, basophilic granular 
degeneration, &c. Variation in structure consists in the presence of nucleated 
red cells or erythroblasts. They include the microblasts, normoblasts and 
megaloblasts. 

(2) Leucocytes , — The differential count of leucocytes yields more helpful 
information than any other single procedure in blood examination. It is 
best made on a film stained with one of the Komanowsky stains. The 
abnormal varieties of leucocytes include {a) myelocytes ; (/>) myeloblasts ; 
(c) lymphoblasts; {d) Tiirck's irritation leucocytes; {e) plasma cells; 
[f) degenerated forms ; and (g) atypical forms. 

To make the differential count, it is necessary to go carefully over the 



Laboratory Methods 


169 


Him with an oil-immersion lens, using a mechanical stage, if available. After 
classifying each leucocyte seen, the percentage of each variety, in the total 
number of leucocytes counted, is calculated. For accuracy, 500 to 1,000 
leucoevtes should be classified ; for approximate results, 300 are sufficient, 
but it is imperative to count the leucocytes in all parts of the smear, since 
the different varieties may not be evenly distributed. 

The actual number of each variety in i c.c. of blood is easily calculated 
from these percentages and the total leucocyte count. An increase in actual 
number is an ahsclute increase', an increase in percentage only, a relative 
increase. It is evident that an absolute increase of any variety may be 
accompanied by a relative decrease. 

To get a fairly uniform distribution of leucocytes in a film made on a 
slide for differential ccnint of leucocytes, it must not be made very thin, and 
should be moderately thick, but not so thick as to make the leucocytes difficult 
to he rec( agnized. 

Suggestions have been made from time to time to carry out the differential 
count in the counting chamber along with the total count by use of diluting 
fluids which colour the leucocytes differentially. As special diluting fluid 
for tliis purpose Stitt uses 1*5 c.c. of neutralized formalin in 98-5 c.c. of 
0-5 per cent, glycerol. Just before use this (luid is coloured with Giemsa's 
stain by adding one drop of the stain for each i c.c. of the fluid. Formalin 
may be neutralized by adding a few drops of phenolphthalein, and then 
adding very dilute sodium hydroxide to the first appearance of a pink colour. 

METHOD OK FINDINO LEISHM AN-DONOVAN BODIES IX THE PERIPHERAL 

BLOOD. 

(1) Thin Filni Mel hod . — In a thin film of blood prepared in the way 
indicated above, in order to search for the Leishman-Donovan bodies, the 
edges of the film and the tail where the leucocytes tend to specially gather 
should be examined. The parasites are found either inside the polymor- 
phonuclears or the mononuclears, or very rarely apparently free, due to 
rupture of the cells containing them in the process of making the smear. 
By compressing the finger below tlie pulp for half a minute or so and then 
puncturing it, a larger number of leucocytes may be obtained in the smear. 

In kala-azar leiicopenia is frequently present, and oftentimes to a marked 
extent, and it is therefore very difficult to find, in thin films of the peripheral 
blood, a sufficiently large number of leucocytes for examination for the 
detection of Leishman-Donovan bodies inside them. It has therefore been 
recommended to examine thick films for this purpose. 

(2) Thick Film Method. — Koss’s thick film is made by allowing some six 
drops of blood to fall on a slide within an area 5 to 7 mm. in diameter 
and spreading them into an even layer. After dehamioglobinization with 
water the resulting film is dried in air and stained. 

Reference has already been made to the thick film method of Knowles 
and Das Gupta (p. 84). Care should be taken to let the films dry in the air 
as completely as possible, so that the leucocytes may adhere to the slide and 
not be washed away during subsequent manipulation. 
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Another method is to take one-half to one drop of blood, which is made 
into a thick film by spreading it out somewhat with the corner of another 
slide. Usually half a drop of blood will make a spread of proper thickness 
about half an inch in diameter. It is then deha^moglobinized and fixed in 
methyl alcohol (Merck’s highest purity), containing 2 per cent, glacial acetic 
acid and 2 per cent, hydrochloric acid. It takes from one to three minutes to 
decolorize recently-made preparations. Wash, preferably in running water, 
to entirely remove the acid. This requires only a minute or two, and then 
stain. (For other methods see Addendum.) 

(3) Ccn/rifiigr Method , — The author has adopted the following method for 
concentrating the leucocytes from the peripheral blood : About 50 c.mm. of 
blood are centrifugalized either alone or after mixing with a 2 per cent, 
solution of sodium citrate to prevent clotting, and after pipetting off the 
supernatant layer of fluid, the upper leucocyte layer and the upper quarter or 
so of the column of red corpuscles are pipetted off and spread on a slide ;ind 
stained. In this way there is a great preponderance of leucocytes in every 
field of the microscope. The author has sometimes concentrated the 
leucocytes by putting blood mixed with a little sodium citrate solution into 
miniature tubes closed at one end and then centrifuging in a hjematocrite. 
The leucocyte layer at the top of the sediment at the bottom of the tube is 
examined in the way described above. 13 y centrifuging 5 c.c. of blood mixed 
with Locke’s solution (sodium chloride 9*2 grm., potassium chloride 
0*5 grm., calcium chloride o‘j grm., sodium citrate 10 grm., distilled water 
1,000 c.c.), at a speed ol 750 revolutions. Young and \i\n Sant state that 
parasites are readily discovered in films made from the bottom-most part of the 
centrifuging tube inside mononuclear and polymorphonuclear leucocytes. 
They hold that these leucocytes are heavier than other blood-cells when thev 
contain Leislmian-Donovan bodies, and therefore go to the bottom of the 
centrifuging tube during centrifugalization. If the cloudy layer at the lop 
is decanted and centrifuged at a high speed, the extra-corpuscular Leishman- 
Donovan bodies maybe found in the blood-platelet layer of the sediment. 

In the author’s experience the search for the parasite in the peripheral 
blood takes an extremely long time and is frequently negative, whatever may 
he the process adopted, and in one case he examined at least 400 leucocytes 
without finding any Leishman-Donovan bodies in them. 

METHOD OK STAINING BLOOD FILMS. 

This is effected by one of the Komanowsky stains, which consist of a 
compound containing a mixture of methylene-blue and its derivatives in 
combination with eosin, there occurring between the methylene-blue and the 
eosin some complicated chemical reactions. Modifications of Komanowsky 
stains chiefly used are : — 

(1) Giemsa’s stain. 

(2) Leishman’s stain. 

(3) Wright’s modification of Leishman’s stain. 

(4) jenner’s stain. 
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These stains can be obtained from Grubler or Merck, Germany, or from 
English firms, such as Hurroughs Wellcome and Co., or British Drug 
Houses, Ltd. 

For the preparation of Giemsa, Azur 11 eosin, 3 grin., and Azur ll,o*8grm., 
are put in a mortar and then dissolved in glycerine (chemically pure, Merck), 
250 C.C., by means of a pestle. Then add 250 c.c. of methyl alcohol (Merck's 
reagent). 

Leishman’s stain may be prepared easily by dissolving o’ 15 grm. of 
Leishman’s powder in 100 c.c. of acetone-free methyl alcohol. 

Wright’s stain is jM'epared by dissolving o’l grm. of the powder in 60 c.c. 
of pure acetone-free methyl alcohol. His most recent directions for its 
preparation are as follows ; — 

To a 0*5 per cent, aqueous solution of sodium bicarbonate add (H. X or 
medicinally pure) methylene-blue in the proportion of i grm. of the dye to each 
1 00 c.c. of the solution. Heat the mixture in a dask in a steam sterilizer at too C. 
for one full hour. After heating, allow the mixture to cool, and then filter it to 
remove the precipitate which has formed in it. To each too c.c. of the filtered 
mixture add 500 c.c. of a 01 per cent, aqueous solution of “yellowish water- 
soluble ” eosin, and mix thoroughly. Collect the abundant precipitate, which 
immedialely appears, on a filter. Dry the precipitate thoroughly, dissolve it 
in methyl alcohol (Merck’s “reagent”) in the proportion of o’l grm. to 60 c.c. 
ol the alcohol. In order to facilitate solution, the precipitate is to be rubbed 
up with the alcohol in a porcelain dish or mortar with a spatula or pestle. 
This alcoholic solution of the precipitate is the staining fluid. 

In staining with Giemsa’s stain, the film is fixed in pure methyl alcohol ; 
then Giemsa’s stain, diluted with distilled water in such a way that one drop 
ol stain is mixed with t c.c, of water, is poured over it and allowed to act for 
fifteen or twenty minutes. 

In staining with Leishman’s stain, no preliminary fixing of the film is 
required, it being effected by the methyl alcohol contained in the solution. 
y\ few drops of the undiluted stain is poured and kept over the film for about 
half to one minute, taking care that it does not dry. The solution is 
then diluted by dropping about double the quantity of fresh distilled water 
and the stain and the water are quickly mixed with a glass rod. Five minutes 
are now allowed for staining, and the stain is then gently washed off with 
distilled water. A little of the water is kept on the film for half a minute to 
intensify the colour contrasts in the various cells. 

In staining with Wright’s stain, cover the film, without previous fixation, 
with plenty of the staining fluid by means of a dropper, so as to avoid too 
great evaporation and consequent precipitation. After one minute add to the 
staining fluid on the film the same quantity of distilled water by means of a 
second dropper. Allow the mixture to remain for three to six minutes, 
according to the intensity of the staining desired. Wash the slide in water for 
thirty seconds or until the thinner portions of the film become yellow or pink 
in colour. Dry with filter paper or by waving high above a flame. 
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PERIPHERAL HLOOD-CULTURE. 

In a series of 440 undoubted cases of kala-azar observed by Hraliinaclirai 
and Maity, the peripheral blood-culture was found by them to be positive in 
426, i.e., 97 per cent. In another series of 190 cases in which cultures were 
made from material obtained on spleen puncture, it was found positive in all. 
The technique of blood-culture lias been described (p. 86). A few further 
points are mentioned here. 

A 2 c.c. all-glass sterilized syringe is used for puncturing a vein in the 
arm. Sterilization of the syringe with the needle is effected by autoclaving the 
syi inge in steam, and subsec|uently removing all the traces of water inside 
the barrel and the needle by one up-and-down movement of the piston through 
the barrel, the needle being attached to the syringe by means of a pair of 
forceps. They may also be thoroughly dried in a hot-air sterilizer. The 
method of the Kala-Azar Commission is to use a 5 c.c. all-glass syringe, and 
to put up the syringe, in their meta! cases wrapped in paper and autoclaving. 
They are afterwards thoroughly dried, without opening the cover, in a hot- 
air sterilizer. Oil sterilization is hardly necessary. The oil is likely to remain 
sticking inside the syringe and thereby collect dirt after repeated use, which is 
frequently difficult to clean, especially in an all-metal syringe, the inside of 
which cannot be seen. 

'Fhe technique of venipuncture has already been destaibed under the 
chapter on metallic antimony (p. 116). The best method of making the vein 
prominent is by means of an india-rubber tubing tightened round the arm 
above the point of puncture by means of a pair of tongue forceps, in the 
manner indicated in the diagram. By opening the forceps and tightening or 
loosening the rubber tubing, the amount of compression of the arm may be 
very easily regulated so as to stop the venous flow to such an extent as may 
be desired. The compression should not be so great as to stop the arterial 
supply. Subsequently the blood drawn is de.dt with in the manner described 
in p. 86. The blood should be diluted with sterile sodium citrate solution. 
It is desirable that the blood should be properly diluted in citiated saline 
for successful culture. This washes out substances in the blood-plasma that 
may be inimical to growth. The Kala-azar Commission point out that this 
dilution with citrate solution is important, not only as assisting manipulation, 
luit as favouring culture by the absence of clot formations in the medium and 
jH)ssibly through the anticomplementary action of the salt. It is desirable 
that only freshly prepared medium (up to seven days after preparation) sliould 
be used and culture kept at 22 ' C. to 24” C. 

Row describes the following technique for what he calls “ intensive culture 
from the peripheral blood. A few drops of blood from the linger are intro- 
duced directly into 15 to 20 c.c. of citrated saline before any clotting takes 
place. The diluted serum is then centrituged and the sediment of corpuscles 
planted directly into a suitable medium, e.g., N N N medium. In this way a 
growth of flagellates may be obtained in six days. (See p. 86.) 

In some cases the author has obtained positive flagellate culture as early 
as the third day, but generally it takes place in seven to ten days. One should 
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not consider that the culture is negative until three weeks have passed after 
incubation, and no growth has been obtained in this period. 

The flagellates should be looked for in the fluid of condensation and in 
the upper layer of the solid portion of the N N N medium in contact with the 
fluid. The fluid and a portion of the solid should be pipetted off with a sterile 
capillary tube for examination, and the culture tube put back into the in- 
cubator for flagellate giowth, if it has not already taken place. A drop of the 
pipetted material is put over a slide and a cover-glass placed over it, and the 
wet specimen examined with objective 40 and eye-piece 10 (new notation) ; 
with an oil-immersion (90 or 100 new notation), a lower eye-piece 5 (new 
notation) should be used. 

Christophers, Shortl and Barraud have employed various devices for 
studying the growth of the flagellates in culture. The following are 
cjuoted from their observations: In order to study the life cycle we have 
employed various devices, such as growth on solid medium (plates) and 
various forms of microculture. Particularly interesting results have been 
obtained by taking cover-glass impressions (wet and dry fixed) from the 
surface of X N X medium plates. These plates are inseminated by placing a 
drop or two of the citrated infective material in the syringe upon the surface 
of the inedium, covering and tilting the plate so that the fluid flows fur a 
short distance over the medium. The entire track of the fluid can then later 
be removed as an impression on a 2 in. by \ in. cover-glass, giving a prepara- 
tion in which the development of the parasite can be studied in sihi. 

In addition to observations made in hanging-drop preparations, we have 
obtained useful results by a form of microculture put up in the following way : 
A series of sterile slides is picpared with vaseline rings. These rings must 
be of uniform thickness, and are best made with the aid of a thin glass 
tube with smooth edge of the required diameter dipped into melted paraflin. 
On the slide, in the centre of the vaseline ring, is placed with sterile pre- 
cautions a drop of culture medium (condensation fluid of XXX medium) 
To each drop of culture medium is then added a drop of material contain- 
ing flagellates, or the drops on the series of slides are used to make a dilution 
series, the inseminating material being added only to the first drop of the 
series. Each preparation is now covered with a sterile cover glass, which is 
pressed down to meet the fluid, care being taken to keep the cover-glass 
strictly parallel with the slide. Udie result of this procedure is a disc of fluid 
lying between the cover-glass and the slide, surrounded by air, in the centre 
of a sealed vaseline ring. The tliickness of the disc can be regulated by 
pressure; it should be of such a thickness as to admit of its being ex- 
amined throughout its depth by a sixth objective. If the vaseline seal be 
made of uniform thickness and the cover-glass evenly pressed down, the disc 
of fluid will remain unchanged in shape or position for weeks. 

Preparations can also be made to include a thin rectangular slab of the 
solid portion of the medium. Tliis is done by scoring with a sterile needle 
a specially prepared very thin N N X plate, or selected portion of such, with 
two series of lines at right angles, the lines of each series being about I’O mm. 
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or less apjirt. One or more of the small rechin^les of medium so formed are 
removed with a platinum loop to tlie drop from which the microculture is to 
be made. The inclusion of the solid medium enables the behaviour of the 
parasite in relation to the solid parts of the culture medium to be studied, 
and also facilitates the mapping of the preparation.” 

STAINING OF LEISIIMANIA. 

For staining the Lci:>huuiui(ty the author generally uses Wright's modi- 
fication ol Leishman’s stain. Shortt’s method of staining the flagellates has 
already been described (p. 26) and gives very good results. 

For dried preparations the ordinary method of fixation in absolute 
alcohol may be employed. 

When making preparations for (jiemsa’s stain from N X N medium, it is 
necessary that the cultuie fluid should be diluted with five or more parts of 
citrate solution. \V^'lshing by centrifuging gives very good results for ensuring 
proper staining of the flagellum with Giemsa’s stain. 

Christophers, Shorlt and Barraud recommend that the film, after having 
been dried, should be exposed for a sliort period (^five to ten seconds) to the 
vapour e)f osmic acid. 

For wet fixed films, Christophers, Shortt and Barraud have compared the 
results obtained by fixation in: (i) acetic-sublimate; (2) alcohol-sublimate 
(Schaudinn) ; (3) alcohol-sublimate in saline (Maier) ; (4) picro-acetic-formol 
(liouin) ; (5) alcohol-picro-acetic-formol (Duboseq-Brasil) ; (6) picro-acetic- 
foriiKjl with neutial copper acetate to increase the solubility of the ificric 
acid (Bouin-Hollande) ; and (7) osmic-acetic-chromic (Meming). Of these, 
they got the best results with Nos. 2, 3, ^ and 6, and after various trials they 
used No. 2 as a routine practice. 

STUDY OF STAINED FILM FROM MATERIAL OHTAINED FROM TISSUES IN 

KALA-AZAR. 

77/C Spleen , — We have already described the technique of sj^leen puncture. 
Its dangers though only slight still exist. The operation has not been pojnilar 
in private practice in endemic areas, and even in Calcutta, and the author 
cannot recommend that it should be promiscuously iinderlaken in all cases 
of kala-azar, especially in out-patient departments of a large hospital, where it 
may be impossible to determine all the contra-indications in a short time. 
An accident following such an apparently simple operation may be unexpected 
and make the treatment very unpopular. Though the author has not met with 
any fatal cases in several hundreds of cases in which he or his assistants 
performed it, yet he is aware that it did turn out fatal in the hands of very 
competent men. In one or two of his cases in private practice, the patient 
complained of pain over the abdomen, which became very severe a few hours 
after puncture and continued for a few days, and there is no doubt that there 
was luemorrhage from the seat of puncture which fortunately did not turn 
out fatal. 

In a successful puncture the contents of the needle should practically 
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consist of spleen pulp only. If the barrel of the syriiiji^e shows the presence of 
blood, it indicates that there has been an undue dilution of splenic material 
with blood, which is disadvantageous to culture as well as to finding Leishman- 
Donovan bodies in smears made therefrom, and it is not infrequently 
observed that a minute quantity of splenic pulp shows Leishman-Donovan 
bodies in almost every field, while a smear made from the contents of the 
syringe containing a large c]uantity of blood from the spleen of the same 
case may show very few or no Leishman-Donovan bodies. We liave stated 
before that, according to Christophers, in certain stages of the disease the 
Lcisli mania may disappear from certain portions of the spleen. We agree with 
this view. In a series of 190 cases of kala a/ar, the smear from spleen-puncture 
material was jM)sitive in 185, and the culture from the same was positive in all. 

Liver , — It has been 1 ecoiiiinended that, to avoid the dangers of fatal 
luemorrhage from spleen puncture, the liver should be punctured by 
preference, as it is less easily? torn than the spleen. Ihit smears from livei - 
puncture material are more likely to give negative results than from spleen 
punctui a*. 


KLAGEULATE COLTI RE OF SPLENIC OR TJVER MATERIAL. 

'i'his is done in the same way as culture from the peripheral blood, a small 
amount of material being obtained by means of a syringe and diluted with 
1 to j c,c. of a 2 per cent, sodium citrate solution, and then put into N N X 
medium. In making a culture, liver puncture should be made in those cases 
in which there aie contra-indications in puncturing the spleen. 

'riiough it may be argued tluit cases of fatal luemorrhage have been met 
with after exploratory puncture of the liver in cases of suspected hepatic 
abscess, yet in all cases in which the author has observed such an accident, 
very stout and long exj^loring needles were inserted very deep into the 
substance of the liver several times for discovering pus, and on post-mortem 
examination one of the large branches of the portal vein was found to have 
been punctured. On the other hand, in imiking punctures for getting a smear 
for searching foi' Leishman-Donovan bodies, or for making a culture, a fine 
needle is required, and there is no danger in puncturing the liver with 
such a needle. 

Smears from other Tissues . — Smears from material obtained from bone 
puncture, excised lymphatic glands, scrapings from bases of artificially 
produced blisters or ulcers, have not given satisfactory results in the hands of 
the author. 


BIOCHEMICAL TESTS IN KALA-AZAR. 

We have already mentioned the biochemical reactions of the blood in 
kala-azar, and shall refer here to those points that may be used for diagnostic 
purposes ; — 

Relative H(vmo<^lobiii Value of Resistant Kryltirocytes . — As early as 1909, 
Brahmachari showed that the relative haino/^lohin value of the resistant 
erythrocytes during lutuiiolysis of blood with hyposinatic saline (N : 50) or 
12 
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distilled water was less in kala-azar than in the case of other diseases or in 
health. 

By resistant erythrocytes are meant erythrocytes that do not hamiolyse when 
one part of blood is treated with two parts of N 150 saline or distilled water. 
The relative luvnioillohin-valne is expressed as tlie quotient obtained by 
dividing tlie amount of luemoglobin in the resistant corpuscles by that of the 
total blood, and is estimated by the following method : After thoroughly 
mixing 5 c.mm. of the blood with 10 c.mm. of N 150 saline, the mixture is 
centrifuged as thoroughly as possible, and then the sediment is washed 
several times with N : JO saline till the supernatant fluid at the top is perfectly 
colourless. The sediment is now dissolved in a small quantity of distilled 
water with the addition of a drop or two of chloroform, and then the amount 
of hicmoglobin is estimated by a Haldane's ha?moglobinometer. In those 
cases in which the amount of h;emoglobin in the resistant corpuscles is less 
than 10 per cent., 10 or 20 c.mm. of blood is taken and then treated with 20 
or 40 c.mm. of N : 50 saline respectively, and the amount of hremoglobin in 
the resistant corpuscles is then estimated. This number, divided by 2 or 4, as 
the case may be, gives the amount of luemoglobin in the r(*sistant corpuscles 
of 5 c.mm. of blood. 'I'lie amount of haunoglobin present in 5 c.iiim. of 
blood is then estimated in the ordinary way by means of thelKcmoglobinometer. 

The author has found the above factor to be, in the average, 0-260 in the 
case of kala-azar and 0*426 in the case of healthy students. In the case of 
ankylostomiasis it may be as high as 0*71 ]. 

THE (il.OIUIUNS IN KAL\-AZAK. 

The globulins in kala-azar blood-serum were first investigated by 
Brahmachari as early as I()t 7. When human scrum is diluted with excess of 
distilled water it becomes cloudy, owing to partial precipitation of serum 
globulin. Under certain circumstances a copious precipitate forms instead 
of a mere cloudiness. 

Upon the above observation depend the j^flohnlin ////g ami the olobniin 
precipitation tests of the autlior, which are described below : 

The (ilobniin Kini^ Test. — 2 c.c. of the blood from a prominent vein of a 
kala-az<ir case are drawn by a glass syringe and the blood quickly centrifuged. 
The serum freed from the clot is introduced into a miniature test-tube with a 
capillary pipette, and then a small amount of distilled water is gently poured 
over the serum. A distinct ivhitc rino forms over the surface of the serum in 
every case of kala-azar. This is tlie ** atobniin riiif^ lest of kala-azar. This 
test is positive even when tlie blood is diluted ten to twenty times with normal 
saline. 

The (iiobnlin Precipitation Test, — The serum is collected inside miniature 
test-tubes and then mixed with two or three parts of distilled water. A white 
precipitate forms in every case of kala-azar. This is the '' ^lobnlin precipita- 
tion test'" of kala-azar. This precipitation may be due either to the presence 
of excess of globulin in kala-azar serum, or a specilic globulin more easily 
precipitable than normal serum globulin. 
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Aiifi-complcjiicnlary Globulin TesL — The author has also foLind that the 
above f^Iobulin has marked anti-complementary properties, and upon this 
depends the anti-complementary globulin test which is described as follows : 
I c.c. of the serum of a kala-azar case is mixed with 15 c.c. of distilled water. 
1"he precipitate is collected and then washed thoroughly with distilled water. 
The precipitate is then dissolved in i c.c. of normal saline and the following 
observations made : (1) Take, for instance, a h:emolytic system in which the 

following are the doses of the component parts — 0*15 c.c. of anti-sheep 
amboceptor + 0*5 c.c. of guinea-pig’s complement -f 0*5 c.c. of sheep's 
corpuscles complete luemolysis. (2) {a) Mix 0-5 c.c. of the guinea-pig's 
complement with o'2 c.c. of the solution of the above precipitate in normal 
saline— incubate for half an hour ; (/>) add to this 0*15 c.c. of anti-sheep 
amboceptor + 0*5 c.c. of sheep’s erythnjcytes no h.cmolysis. (3) 1 c.c. of the 
serum of the same kala-a/ar case -f o‘3 c.c. of sheep’s erythrocytes = complete 
luemolysis (due, no doubt, to the natural complement and amboceptor 
frecjuently present in human serum). (4) {u) Heat tlie serum to 55°C. for half 
an hour ; (/)) add 0*2 c.c. of the heated serum to 0*5 c.c. of guinea-pig’s 
complement — incubate half an hour ; (c) add 0 5 c.c. of sheep's erythrocytes 
to (/^)— incubate complete luemolysis. 

It may be staled here incidentally that the above globulin-like substance 
does not inhibit the action of the natural complement normally present in the 
serum as long as it is not separated from the serum by the action of distilled 
water. 

'Die anti-complementary globulin test, the globulin ring test, and the 
globulin precipitation test are of great diagnostic value in kala-azar. The last 
two tests may very rarely be present in some ai)p.irently obscure cases of 
enlarged spleen, in which no Leishman- Donovan bodies may be found on 
spleen puncture. But some of these may be cases of kala-azar, as they are 
cured by administration ol urea stibamine, and as Leishman-Donovan bodies 
may not be found on spleen puncture m some rare cases of undoubted 
kala-azar (Leishman, Christophers). 

The globiiliii-opdcity lesl has already been described and, as stated before, 
being a quantitative one, gives more definite results than any other serum test. 
The luvniolvHc testy the ableliyile test and its limitations have already been 
described. By taking a measured quantity of blood, say 20 c. mm., and placing 
it in 0*6 c.c. of distilled water in a small test-tube, Sia has noted the rate of 
sedimentation ot the precipitate tormed. If the solution becomes cloudy 
within five minuies the case is considered by him to be one of kala-azar. 
In advanced cases of kala-azar sedimentation is complete within fifteen 
minutes. 

ChopnTs Urea Stibamine Test, — Chopra and his co-workers have observed 
that when a solution of an organic compound of antimony is brought in 
contact with the serum from a kala-azar patient, a thick flocculent precipitate 
is formed at the junction of the two. The precipitate is much more marked 
and distinctive with urea stibamine than with other organic antimonials and, 
therefore, this is generally employed. It shows a tendency to conglomerate 
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to a mass at the junction of the two tliiids and is dillicult to break in by 
shaking, and does not dissolve if the tubes are allowed to stand for twenty-four 
hours or longer. As regards the strength of the solution recjuired, it is found 
that although 0*05 per cent, or even weaker solutions give a precipitate, it is 
advantageous to use 1 to 4 per cent, solutions. Antinionyl tartrates do not 
give this precipitate. When noriual sera or sera of patients sutlering iroiu 
other diseases are tested in the above way, there is either no precipitate 
whatever, or only a slight precipitate at the junction of the two tluids. 

TccJiui(]iic . — The serum is pipetted out in a capillary tube and put into a 
miniature test-tube, 3 to 4 mm. in diamcder. A 4-per-cent, solution ol urea 
stibamine is slowly added along the side of the tube to form a layer on tlie 
top. With kala-a/ar serum a thick flocculent precipitate forms at once. "Hie 
test lias been further simplified by using the blood from a linger prick, so tliat 
it can be performed by the bedside. 'I'wo or three drops of bl(K)d from a 
finger prick are received in | to i c.c. (d* a 2 per cent, solution of potassium 
oxalate (2 per cent, potassium citrate or normal saline may be used). A little 
of this is transferred by a capillary pipette into a glass tubing 3 to 4 mm. in 
diameter, sealed at one end. The solutivin of urea stibamine is then added, and 
this being heavier sinks to the bottom. Almost immetliately a tloceuleiit 
precipitate begins tvi form at the junction of the twt) Hiiids and begins to 
settle down in a characteristic manner, resembling a shower of rain, through the 
urea stibamine solution. In very early cases of kala-azar the [Mccipitate may 
take a minute or two betore it aj^pears ; but in well-developed cMses it forms 
immediately and flocculation is tpiite distinct, 'bhe advantages claimed for 
the antimony test over the aldehyde test aie : (w) It is given much earlier in 
the course of the disease than the aldehyde tt st. A dehnitelv [Misilive reaction is 
obtained from the fifteenth to twenty-hrst days of the disease, (b) "bhe reaction 
is produced immediately, and it is not necessary to wait for twenty-four hours, 
as is sometimes the case with the aldehyde test, (r) "i'he test can be performed 
with a much sinallei" quantity of serum. 

lIod<^soii, Vaiiloii (ind Singh's 7 Vs/. — Hodgson, X’artlon and Singh have 
described a preliminary note on a cjiiick and sinqile test for the diflereiitiation 
of malaria from kala-azar and other levers. The teehiiit|ue is described as 
follows: ^M’repare some sterile 5 |)er cent, citrate ()f soda, several narrow 
glass tulles about 5 mm. wide and 60 mm. long, inaiking them as follows 
from the bottom : 24 mm., 18 mm., 12 mm., 6 mm. Sterilize a 5 c.c. syi ingt* 
and draw up into the syi inge one part of 5 per cent, citrate of soda and four 
paitsof patient’s blood, mix and till a glass tidie up to the 24 mm. mai k, allow 
mixture to stand for half an hour.” When the blood of patients suffei ing 
from malaria was sedimented by the above metliod, the supernatant fluitl was 
markedly yellow. In some malaria cases it was golden-yellow, othei s greenish- 
yellow, and a third group reddish-yellow. In proved cases of kala-azar there 
was a rapid clearing of the supernatant fluid, leaving it colourless or faint 
greenish -white. 

For further details the reader is referred to the original paper by the 
author in the Indian Joni iial oj Medical Research^ January, 1927. 
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For other labonitory methods, see the Chapters on symptomatology, and 
diagnosis and differential diagnosis. 

While fully endorsing the importance of laboratory methods, the author 
holds the view of Sir Leonard Rogers, that a large proportion of fevers in the 
troi')ics can be diagnosed by purely clinical methods. 


II. 

FORECAST. 

Wr: have described in the preceding pages the latest advances in the treat- 
ment of kala a/ar by the use of urea stibamine and the campaign against it in 
Assam. The last word about its treatment has not yet been said. We hope 
that an antimonial compound will be discovered which it will be possible to 
administer orally, so that it may be used like quinine by the patients without 
their having to undergo the operation of intravenous injection, which is some- 
times very diflicult, especially in the case of children and patients with oedema. 
Such an advance will make the treatment and the campaign against the disease 
more easy and popular. We also hope that antimony analogues of salvarsan, 
neo-salvarsan and allied compounds will also be discovered. The day will 
come when, in studying the organic derivatives of antimony, one will be 
leminded of a quaint simile employed by Dr. Hertheim about the chemistry 
of organic arsenic compounds. “ He compares it to a sleeping beauty 
slumbering, until tjuite recently, in an unfrequented corner of ^Heilstein,’ 
but who, now awakened, appears as one of the fairy gifts which synthetic 
chemistry bestows from time to time upon mankind” (Aforgan). 

The economic eilect of the discovery of tin* cure for kala-a/.ar will be very 
great in future, especially in the provinces of Assam, Bengal, and in other 
parts of India where the disease occurs. A disease which was considered 
incur.ible for centuries, destroyed millions of human lives, ruined families, 
decimated vilLiges and retarded prosperity in some parts of India, has now 
lost all its tei rors. 

This disease in its epidemic manifestation constituted, according to 
Rogers, the old “ Hurdwan fever’’ which raged in Bengal in the 'sixties and 
’seventies, and converted many parts of Bengal into a ‘A’aHey of the shadow 
of death.” Its terrible nature is well described in the words of one of the 
writers on this epidemic fever ; “ The devastation of the epidemic has a very 
sad tale to tell. Countries that once smiled with peace, health, and prosperity, 
have been turned into hot-beds of disease, misery, and death. Villages that 
once rang with the cheerful, merry tune of healthful infants, now resound 
with loud wailings and lamentations. Huts, which offered too little space for 
their occupants, arc left without a tenant. The skulls of human beings now 
strew the fields at every few yards’ distance. 'Hie fell disease has mocked 
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every liuinaii effort, and absorbed in its powerful i^rasp, day by day and 
inch by inch, every blessed spot which once used to be prized for its 
salubrity.” 

General Gorgas, speakiiij^^ in 1914 on yellow fever control, stated that its 
eradication would connnand the attention and the [iralitude of the world and 
that the thin|^ could be done. To-day yellow fever is in full retreat in the 
Americas. The same will one day be said of kala-azar, and it may be 
hoped that before long the disease will be completely banished from India 
and other parts of the world where it occurs. Tlie signs of its retreat in 
Assam are already within sight, thanks to the intensive mass treatment of the 
disease with urea stibamine. When the disease disappears from the world, 
then one of the highest triumphs of tropical medicine will be achieved 


III. 

ADDENDUM. 


A SilORT SUMMARY ON RECENT WORK OX THE TRANSMISSION PROBLEM OK 
KALA-AZAR IN CHINA, BY YOl Nli AND IIERTKi. 

In a recent personal communication, Dr. (diaries W. Young has very 
kindly furnished me with an account of the recent work on the subject carried 
out by him aud Marshall Hertig in the Department of Medicine, Peking 
Union Medical College, Peking, China. The following is a summary of 
the work : — 

Attempts to transmit kala-azar to e.xperimental animals by means of fleas 
(Pulex, Xenopsylla, Cerato|diyllus, and Ctenocephalus), Ciincx U'cliildriiis 
and pipislrcllif and Hcnuitopimts spp., from striped and giant h.unsters, have 
been uniformly negative. In one case, however, in one pot in which infected 
and normal hamsters were present, the negative animal became positive in 
the known presence of Cinicx Icciitlariits. 

ddiere are marked discrepancies between the distribution of P. uiajoi VM'. 
(Iiiiuiisis and P. sergen/i^ and the distribution of kala-azar, and also in the 
behaviour of these two species in ways that would seem signilicant as regards 
the probability of their acting as transmitters of kala-azar. Thus, P, luajor 
re-feeds with reluctance, P. scrgcnil readily. P. major is moderately susceptible 
to infection after natural feeds on hamsters (56 per cent, of 195 attempts), 
P, sergenti markedly less so (2*4 per cent, of 661 attempts). When artificially 
fed, P. major yielded 83 per cent, out of 157 feeds, while P. sergenti gave 
48 per cent, out of 34Q. In P. sergenti there is a definite tendency for the 
infection to die (Jut after the fifth or sixth day. Though P. sergenti is the 
dominant sandfly in the kala-azar villages near lisuchowfu, Kiangsu Province, 
yet it is infected with difliculty, and such infections tend to die out. P. major^ 
on the other hand, while easily infected, may be very plentiful where there is 
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little or no kahi-;izar. Neitlier species lias been infected by them following 
feeds on kala-azar patients, nor have infections with Lcislnuauia been found 
in wild sandflies. Attempts to transmit the disease by means of sandflies 
have given negative results. 

Naturally infected wild rodents have not been encountered in the endemic 
region in China, except in the case of one striped hamster. 

Insects naturally infected with Leislinumia donovani have not been 
found. 

OBSlCkVATIONS OM CLASM ATOCYTES IN EXI»EKIMENTAL KAl.A-AZAK. 

In a recent personal communication, Dr. Hu, of China, has very kindly 
given me an account of Cash and Hus work on clasmatocyte cells in experi- 
mental kala-azar in infected hamsters. They have observed that in these 
animals there is a specific relationship between the development of the clas- 
matocyte cells and infection with Lcishuuniiii donoiuiiii. In infected hamsters, 
they found a moderate degree of amemia and leiicopenia, and there was 
apparently an increased extra-medullary blood formation in the spleen. 

The appearance of clasmatocytes in the blood is a striking phenomenon 
after infection. They found no such cells in the peripheral blood, and only 
2'3 per cent, in the splenic blood in hamsters normally. In the case of in- 
fected hamsters their percentage rose to i8‘8 in the peripheral blood and 
19*4 in the splenic blood, four months after inoculation. In the case of 
bone-marrow they rose from 2*2 to 4*25 per cent. 

Further work in this direction is necessary before any conclusions are 
arrived at. 


PERIPHERAL LESIONS DUE TO LEJSHMANIA DOXOVANL 

\Vc have already described certain skin lesions due to infection of the skin 
l)y Lt'isliiiiania donovaui. (See chapter on ‘M^ermal Leishmanoid.”) 

Cash and Hu have found infection of the skin in a few cases of kala-azar 
with distinct increase of mononuclear cells about the blood-vessels. Many 
of these cellular forms in the subcutaneous tissue have been show’n by them 
to be clasmatocytes by supravital staining with neutral red. They found that 
the parasites could be present in considerable numbers without causing any 
obvious change in the skin. None of their positive cases showed any dis- 
coloration of the skin, though seveial of those in whose skin no parasites 
were found showed moderate pigmentation, mainly of the face, arms and 
trunk. They consider that more acute and active cases must be studied 
before the importance of the skin and subcutaneous tissue, as foci from 
wdiich the infection is naturally distributed, is established. 

Young and Hertig have found the following peripheral lesions produced 
by Leisliuuinia donovani and allied organisms in experimental animals. 

Intraperitoneal inoculation of Acton and Knowles’ “ xanthoma” strain into 
Chinese striped hamsters {Cricctidus griscus) produced only visceral lesions. The 
same is true of cultures from a case of Hrahmachari’s '‘dermal leishmanoid.” 
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Tlie fla^cllatt*s of both of these strains were agglutinated by the sera of rabbits 
iiniminized against Indian strains of Lcishuuuiia donovnui. From these 
reactions it may be assumed that these organisms are Lcisliniaiiid donoiuini. 
These observers obtained from Nicolle, in 'Fiinis, strains of the organisms 
from local human kala-azar, canine kala-azar and from the gecko, which had 
been under cultivation on NNN medium for many years. 'I'lie cultures obtained 
from Tunis acted in a different and peculiar manner. Tliey used strains of 
LcisJniidiiia donoraiii {LeisJundiiia iiijanhim, kala-azar humain ”) ; strains of 
LcisJinumia canis (“kala-azar canin’’); and strains of Lcisinnduid IdrenioUv 
(“ leptomonas de gecko”) from the g(‘cko. All of these strains originally 
produced visceral lesions only. When these cultures were inoculated 
intraperitoneally into hamsters, the infections were visceral at first, with 
(‘nlarged spleen and liver and with leishmania fairly abundant in the smears 
Irom the spleen, liver, bone-inari ow and heart blood. Afler a lapse of from 
two months to over a year from the time of inoculation, bilaterally symmetrical 
lesions began to apj'iear in the following order : (i ) swellings of the carpi and 
tarsi, extending later to the feet, including the digits ; (2) swelling of the 
posterior half of the scrotum in males, with subsequent ulceration, intiltration 
and enlargement of the clitoris, exceptionally with ulceration of the perineum 
in the female ; (3) swelling (inldlration) and later ulcei'ation of the base of the 
tail ; (4) similar swelling of the nose, rarely with ulceration ; and (5) swelling 
and ulceration of the margins of the ears. From the swollen tissucN 
leishmania enclosed in large mononuclear cells (cTismatocytes) were 
obtained, often in large numbers. The lesions of the feet never showed 
ulceration. The clasmatocytes were present often in enoimous numbers 
between the connective-tissue libres of the ligaments of the carpi and tarsi 
and distally feet, including digits. The cells containing parasites in the 
lesions showing ulceration were in the deep layers of the ^kin and sub- 
cutaneous tissues. Intraperitoneal inoculation of the tissues from these 
peripheral lesions produced the same picture in two to four months and 
continued to do so consistently and repeatedly. The same pathological changes 
were obtained with all the five strains used. xAs the peripheral lesions 
developed, those of the viscera tended to disappear, so that at autopsy some 
of the animals had normal-sized spleens and livers, negative for leishmania in 
smear. Intraperitoneal inoculation of such tissue did not cause infection in 
hamsters. Thus it will be seen that these strains which originally produced 
visceral lesions only, now caused pathological changes precisely like those 
described by Cumder, Laveran and Sergent for recently isolated LeisJniiaiua 
tropica. Similar lesions of a single extremity were found in two hamsters 
inoculated with two different Chinese strains of Lcislnnaaia donovaiii. These 
hamsters, already showing heavy visceral infection, had been tied out with 
leather thongs constricting the four extremities during insect feeding experi- 
ments several months before the appearance of the lesions. lnoculatir)n of 
tissue from these local swellings produced only general visceral infections 
like those caused by the strains with which these hamsters had been originally 
fnfected. 
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TEMPERATUKE IN RELATION TO CULTURE OK r^KTSHMANFA DONOVANL 

Accorclin^^ to Christoplicrs, Shoiil and Barraiid, tlic extreme range of 
temperaliii e at wliieh development was obtained was 16'' C. and 34'^ C 
'I^liroiiglioiit this range the form of development appeared identical, the only 
variation observed being in the degree to which multiplication took place 
and the length of life of the culture or rapidity of development. Effective 
culture in which tin* parasites became very numerous was obtained between 
22 'C. and 30^ C. Some difterence in different strains was noticeable. 
Roughly speaking, some strains appeared to be more rolnist than others, 
and these, as a rule, appeared to culture over a wider range of temperature 
than others. At 28 ’C. no strain failed to culture freely. In some strains 
[uofuse culture was obtained at 30' C., and even at 32' C. ; most strains, 
h()we\er, did not cultuie satislactorily at these temperatures and many were 
negative. Existing cultures placed at ’ C. showed the flagellates at first 
in very active movement, but the cultures were usually killed, as shown by 
lack ot motility and failure to subculture after about the third day. In spite 
of this, two |i()sitive cultures (from subcultures) were obtained at 34” C ; these, 
however, quickly died out. Culture appeared to take pi. ice earlier at the high 
temi)eiMtures th.ui at the lower ones; thus cultures at 2cS ’ C. were usually 
[)ositive on the third day, whereas at 2 2 ’ C'., they did not usually show this 
condition until later. 

Christophers, Shoitt and B.irraud hold that there would be nothing 
unexpected in the development of the parasite of kala-azar in the gut of 
the sandtly or elsewhere at a temperature of 28 C., or even at a higher 
temperature. If an early effective development is to be favoured, it is 
even probable that a tem})erature in this neighbourhood would be the 
most suit.ible, as tending to hasten development without being definitely 
hostile to it. 

'rhough development of the flagellate form in culture can clearly take 
place through a wide range of temperature, it is evident that this range is 
piiched without any reference to the temperature of warm-blooded animals. 
'Fhe range is lu't, however, very divergent from that of tlie ordinary 
temperatuii's of external conditions in at least some tropical or subtropical 
countries. 

PREPARATION OK THICK BLOOD-KILMS. 

Some of the methods have already been described (see Appendix). Among 
others may be mentioned the following : — 

/v//gV.s Method . — 'Phis is one of the best metliods for the preparation of 
thick blood-hlms. After the blood has dried well, gently move the slide 
about in a glass containing a 2 per cent, solution of formalin to which has 
l)een added i per cent, glacial acetic aidd. After hiking is complete, treat the 
slide ir. the same way as above in a glass of tap water to remove all traces of 
acid. Next wash very gently in distilled water and stain. 

The Method of /(lines consists of making a circular smear about three ejuarters 
of an inch in diameter from a drop of blood and when dry it is treated with 
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acid alcohol consisting of a mixture of ten drops of HCl and 50 c.c. of 
absolute alcohol till deluemoglobinization is complete. 'J'hen wash thoroughly 
in water for five to ten minutes. Stain after drying. 

The Method of Shorit, Das and LaL — They consider that thick film smears 
possess the disadvantage of presenting the white cells in a contracted condi- 
tion or at least in a nearer approach to a globular form, which renders the 
searcli for parasites much more difficult, and often obscures their identity, as 
compared with the flattened-out white cells of a comparatively thin film. 

A small drop of blood is placed at one end of a slide; a second slide is 
applied to it, as in making an ordinary blood-smear. The second slide, as 
soon as the blood has spread out along its edge, is pushed along the surface 
of the first with an even motion until the blood is almost exhausted. At this 
point, instead of continuing this motion, as in making an ordinary smear, 
the second slide is abruptly lifted off, with the result that the blood-smear 
ends in a straight edge stretching transversely across the slide. This straight 
edge is somewhat thicker than the rest of the smear and contains a large 
percentage of the total white cell content of the drop of blood. The white 
cells in the straight edge are all that it is necessary to examine for the purpose 
of determining, with a fair degree of accuracy, the presence and numbers of 
Leishman-Donovan bodies in the peripheral blood. As an invariable routine 
the terminal edges of four slides, prepared in the way described, are examined 
for parasites. 

Shortt considers that the presence of a temperature above the normal has 
an effect in increasing the number of parasites in the j)eripheral circulation. 
At the same time he observes that man} cases during long periods of apyrexia 
still show the presence of parasites in the peiipheral blood. He considers 
that the activity of the disease has an effect on the parasite count, the periods 
of exacerbation as shown by raised temperature .ind all the concomitant 
factors of an active disease process increasing the panisitc count in the blood. 
The parasites are found inside polymorphonuclear as well as mononuclear 
leucocytes. 

The Method oj liralunaehari and Sen , — Hrachmachari and Sen have elabor- 
ated the following method of making and fixing thick film smears of blood. 

A thin rectangular steel or tin or aluminium plate, about the size of an 
ordinary glass slide, is used as a blood-film spreader. One of the edges of 
the spreader is slightly notched in the middle, the notched portion being less 
than the breadth of the glass slide. Both the notched and unnotched portions 
must be even and absolutely parallel to the breadth of the spreader. 

The film must not be very thick nor dried very slowly, otherwise the 
leucocytes become contracted and there is much difficulty in distinguishing 
Leishman-Donovan bodies inside them. 

(i) A fairly large drop of blood is taken towards one end of a thoroughly 
clean glass slide and touched by the notched portion of the spreader, so that 
blood runs between the notched edge and the slide. Then the film is drawn, 
the spreader being held at an angle of 45^, the blood following it and not 
pushed before it. The thickness of the film may be varied by varying this 
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aii^lc. Dry the slide in iiir or in a regulated vacuum desiccator, or in a 37'^ C. 
incubator. At room temperature it takes about half an liour to dry in the air. 
In the case of more thick films it may take one to two hours to dry in the air 
at ordinary temperatures. 

(2) Put the slide in a glass tray containing acetone, Merck/' extra pure, 
for about five to ten minutes, according to the thickness of the blood-film, the 
tray being covered to prevent the acetone from evaporating during this period. 
Then allow the slide to dry till the acetone is evaporated. 

(3) Deluemoglobinize in distilled or tap-water. The process is finished 
within about one minute, and then wash with methyl alcohol to remove 
any further trace of acetone which may be left in the slide. 

(4) Dry, and stain with one of the Romanowsky stains, such as Leishman 
or Wright. 

The advantage of this method is that all structures of the blood, such as 
leucocytes, blood-platelets, tS:c., become fixed except the hrcmoglobin of the 
erythrocytes, witli the result that it can easily be washed away by the process 
of deh;emoglobinization. 

More recently the authors have observed that if the blood is spread 
according to the method of Shortt, Das and Lai described above, then the 
result is also satisfactory. 

Ti:cHxi(,n:K 1 or urixgin(; got histologic structure of flagellates. 

Pdrrot (iiiil JA'shujudVirs McihoiL — (a) Fix 10 min. in Schaudinn's alcoholic 
sublimate, {h) Transfer to iodine-alcohol, (r) Remove iodine with 95 per 
cent, alcohol and dry. (d) Immerse in horse-serum 10 min. and dry. 
(r) Stain with Giemsa. 
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